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GENOMICS APPLICATIONS FOR MODIFIED OLIGONUCLEOTIDES 

Cross Reference to Related Applications 

This application claims benefit from United States Provisional Application No. 60/279,146, 
filed March 27, 2001 and United States Provisional Application No. 60/325,828, filed September 28, 
5 2001 , the disclosures of which are incorporated herein by reference in their entireties. 

Field of the Invention 

The technical field of the invention is in the area of the production and use of stable 
complexes of nucleic acid molecules and oligonucleotides. 

10 

Background of the Invention 

In the presence of ATP, the Escherichia coli RecA protein, or a homologous recombination 
protein from another organism, catalyzes strand exchange between a number of substrates, 
including between single- and double-stranded DNAs. A RecA protein coated single-stranded 

15 oligonucleotide interacts with double-stranded target nucleic acid sequence homologous to the 
oligonucleotide in a process called "synapsis." During synapsis an intermediate containing 
hybridized, partially joined molecules is formed followed by branch migration to form fully hybrid 
molecules between the original single- and double-stranded DNAs. The extent to which the nucleic 
acid molecules hybridize is dependent upon the extent of their homology and hybridization between 

20 two nucleic acids that are not completely complementary is stabilized in the presence of RecA. 
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RecA protein can form stable complexes with short oligonucleotides, at least approximately 
9 nucleotides in length, in the presence of the non-hydrolyzable ATP analog, ATP-y-S. These RecA 
coated nucleic acid complexes can then be mixed with target double-stranded nucleic acid to form 
triplex nucleic acid structures or "single D-loops," which are extremely unstable in the absence of 
5 RecA. Upon removal of RecA protein the single D-loop joints are stable in supercoiled but very 
unstable in relaxed DNA. 

Addition of a second oligonucleotide that recognizes the strand of the target nucleic acid 
opposite to the first oligonucleotide results in the formation of a complement-stabilized or "double" D- 
loop structure. Although this structure is more stable after removal of RecA than the single D-loop 

10 structure, the stability depends on the length of the oligonucleotides, and when two DNA 

oligonucleotides are used the oligonucleotides generally must be at least about 80 nucleotides. 
See, for example, United States Patent 5,670,31 6, which is incorporated herein by reference in its 
entirety. Previous efforts to enhance the stability of a double D-loop after removal of RecA involve 
complex dideoxyoligonucleotides which comprise unusual secondary structures. See, for example, 

15 international patent application WO 00/63365, which is incorporated herein by reference in its 
entirety. 

When a linear, double-stranded nucleic acid target and oligonucleotides homologous to the 
end of the target are used, the structures that are formed at the end of the linear duplex are a 
subcategory of double D-loops designated "Y-loops". Y-loops can be formed by the same methods 
20 used to form double D-loops. 

A need exists for stable oligonucleotide:target nucleic acid complexes made using simple, 
inexpensive oligonucleotides. 

Summary of the Invention 

25 Novel double D-loop or Y-loop complexes (hereafter, "double D-loops") that are surprisingly 

stable after the removal of recombination proteins ("deproteinization") are described. These stable 
oligonucleotide:target double D-loops can be generated in recombination protein catalyzed reactions 
provided that at least one of the oligonucleotides which contain.sequences complementary to the 
target nucleic acid, comprises a modified backbone that enhances hybrid stability or a modified base 
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that enhances hybrid stability. In addition to the exceptional stability of the double D-loops of the 
invention, the oligonucleotides used to form them can be significantly shorter than the 
oligonucleotides used in previous methods for forming double D-loops. This discovery provides a 
number of opportunities for diagnostic applications and methods that exploit the stable double D- 
5 loops of the invention. 

Brief Description Of The Drawings 

Figure 1 . Flow diagram for the generation of oligonucleotide:target double D-loops. The 
steps in the method for formation of the double D-loops according to the invention are diagramed. 

1 0 Figure 2. Conditions for formation of double D-loops using two DNA oligonucleotides. 

OligoA/OligoB target was mixed with OligoC incoming and with Oligol annealing under a variety of 
conditions: 1 ) target only; 2) no annealing oligonucleotide; 3) deproteinize at 37°C while adding 
annealing oligonucleotide; 4) deproteinize at 4°C while adding annealing oligonucleotide; 5) 
standard protocol in Example 1 except deproteinization at 37°C; 6) standard protocol; 7) adding a 

15 second addition of excess incoming oligonucleotide prior to addition of annealing oligonucleotide; 8) 
adding a second addition of excess incoming oligonucleotide after addition of annealing 
oligonucleotide; 9) both oligonucleotides added simultaneously after incubating together with RecA; 
10) both oligonucleotides added simultaneously after incubating separately with RecA. 

Figure 3. Conditions for formation of double D-loops using an LNA oligonucleotide. 

20 OligoA/OligoB target was mixed OligoC incoming and OligoN annealing under a variety of conditions 
(lanes as indicated in Figure 2). 

Figure 4. Conditions for formation of Y-arms using two DNA oligonucleotides. 
OligoT/OligoU target was mixed with OligoX incoming and with OligoS annealing under a variety of 
conditions (lanes as indicated in Figure 2). 

25 Figure 5. Optimal annealing temperature for double D-loop formation. Double D-loop 

formation using OligoA/OligoB as target, OligoC as incoming and Oligol as annealing 
oligonucleotide over a range of temperatures (in °C) as indicated. 
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Figure 6. Optimal annealing temperature for Y-arm formation. Y-arm formation using 
OligoT/OligoU as target, OligoX as incoming and Oligo5 as annealing oligonucleotide over a range 
of temperatures (in °C) as indicated. 

Figure 7. Optimal annealing time for double D-loop formation. Double D-loop formation 
using OligoA/OligoB as target, OligoC as incoming and Oligol as annealing oligonucleotide over a 
range of times (in minutes) as indicated. 

Figure 8. Optimal annealing time for Y-arm formation. Y-arm formation using 
OligoT/OligoU as target, OligoX as incoming and Oligo5 as annealing oligonucleotide over a range 
of times (in minutes) as indicated. 

Figure 9. Optimal oligonucleotide length for double D-loop (Y-arm) formation. Y-arm 
formation using OligoT/OligoU as target and varying incoming and annealing oligonucleotides as 
indicated. 

Figure 10. Oligonucleotides can be of different lengths. Y-arm formation using 
OligoT/OligoU as target and varying incoming and annealing oligonucleotides as indicated. 

Figure 1 1 . Oligonucleotides with different modifications and/or mismatches. Double D-loop 
formation using OligoA/OligoB target, OligoC as incoming oligonucleotide and annealing 
oligonucleotide as indicated. 

Figure 12. Oligonucleotides with different modifications and/or mismatches. Double D-loop 
formation using OligoA/OligoB target, OligoD as incoming oligonucleotide and annealing 
oligonucleotide as indicated. 

Figure 13. Oligonucleotide sequence of Kan- target. The figure shows the oligonucleotide 
sequence of the Kan- PCR product used as a target for double D-loop formation. The sequence 
corresponds to SEQ ID NO: 37. 

Figure 14. Effect of annealing oligonucleotide on double D-loop formation. The figures 
shows the efficiency of double D-loop formation using the Kan- PCR product as the target. 
Efficiency is normalized to double D-loop formation efficiency with KL02 (indicated in the figure as 
LNA-15mer). 
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Figure 15. Oligonucleotide sequence of Hyg- target The figure shows the oligonucleotide 
, sequence of the Hyg- PCR product used as a target for double D-loop formation and as non-specific 
competitor DNA in Example 12. The sequence corresponds to SEQ ID NO: 44. 

Figure 16. Effect of annealing oligonucleotide on double D-loop formation. The figures 
5 shows the efficiency of double D-loop formation using the Hyg- PCR product as the target. 
Efficiency is normalized to double D-loop formation efficiency with Hyg15T. 

Figure 17. Double D-loop formation in yeast genomic DNA. The figure shows double D- 
loop formation in yeast genomic DNA from strains with integrated copies of a Hyg* and a Hyg* 
target. 

10 
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Detailed Description of the Invention 

The present invention describes a method for producing a stable double D-loop and 
diagnostic methods for detecting and/or isolating a duplex nucleic acid, where the duplex contains 
an internal target sequence. The target nucleic acid can be any duplex nucleic acid including, for 
5 example, linear nucleic acid, relaxed or supercoiled plasmid up to approximately 100 kilobasepairs, 
larger molecules such as artificial chromosomes including BACs and YACs, and chromosomal DNA. 
The target nucleic acid molecule can be isolated or it can be targeted in situ . The target nucleic acid 
molecule can be an artificial sequence, an intragenic sequence or any part of a gene including, for 
example, an exon, an intron, a promoter, an enhancer or a 3'- or 5 - untranslated region. When 

10 larger molecules are isolated care must be taken to avoid shearing. 

The method provides a first oligonucleotide that contains sequence complementary to one 
strand of the target duplex nucleic acid molecule and a second oligonucleotide that contains 
sequence complementary to the other strand of the target duplex nucleic acid molecule. The first 
oligonucleotide, which is also designated the "incoming" oligonucleotide, can be bound by RecA. In 

1 5 a particularly useful embodiment, the second oligonucleotide which is also designated the 

"annealing" oligonucleotide is substantially not bound by RecA. An oligonucleotide is substantially 
not bound by RecA is for example, an oligonucleotide that is not coated with RecA, i.e. has not been 
incubated with RecA prior to addition to the reaction mixture. The incoming and annealing 
oligonucleotides also share a region of complementarity to each other and at least one 

20 oligonucleotide is a "modified" oligonucleotide. A modified oligonucleotide further comprises at least 
one "locked" nucleic acid ("LNA") residue, ribonucleic acid residue, peptide nucleic acid ("PNA") 
residue or a modified base that enhances hybrid stability. In a particularly useful embodiment, the 
annealing oligonucleotide is a modified oligonucleotide. Other modified bases that enhance hybrid 
stability may also be used including, for example, 2-aminoadenine or cytosine/uracil substituted at 

25 the 5 position with a methyl, propynyl or bromo group. 

Particularly useful among such modifications are PNAs, which are oligonucleotide analogs 
where the deoxyribose backbone of the oligonucleotide is replaced by a peptide backbone. One 
such peptide backbone is constructed of repeating units of N-(2-aminoethyl)glycine linked through 
amide bonds. Each subunit of the peptide backbone is attached to a nucleobase (also designated 
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"base"), which may be a naturally occuring, non-naturally occuring or modified base. PNA oligomers 
bind sequence specifically to complementary DNA or RNA with higher affinity than either DNA or 
RNA. Accordingly, the resulting PNA/DNA or PNA/RNA duplexes have higher melting temperatures 
(T m ). In addition, the T m of the PNA/DNA or PNA/RNA duplexes is much less sensitive to salt 
concentration than DNA/DNA or DNA/RNA duplexes. The polyamide backbone of PNAs is also 
more resistant to enzymatic degradation. 

The synthesis of PNAs is described, for example, in WO 92/20702 and WO 92/20703, the 
contents of which are incorporated herein by reference in their entireties. Other PNAs are illustrated, 
for example, in WO 93/12129 and United States Patent No. 5,539,082, issued July 23, 1996, the 
contents of which are incorporated herein by reference in their entireties. In addition, many scientific 
publications describe the synthesis of PNAs as well as their properties and uses. See, for example, 
Patel, Nature, 1993, 365, 490; Nielsen et al„ Science, 1991, 254, 1497; Egholm, J. Am. Chem. Soc, 
1992, 1 14, 1895; Knudson et al. f Nucleic Acids Research, 1996, 24, 494; Nielsen et al„ J. Am. 
Chem. Soc, 1996, 118, 2287; Egholm et al., Science, 1991, 254, 1497; Egholm et al, J. Am. Chem. 
Soc, 1992, 114, 1895; and Egholm et aL, J Am. Chem. Soc, 1992, 114, 9677. 

Useful modifications also include one or more monomers from the class of synthetic 
molecules known as locked nucleic acids (LNAs). LNAs are bicyclic and tricyclic nucleoside and 
nucleotide analogs and the oligonucleotides that contain such analogs. The basic structural and 
functional characteristics of LNAs and related analogs are disclosed in various publications and 
patents, including WO 99/14226, WO 00/56748, WO 00/66604, WO 98/39352, United States Patent 
No. 6,043,060, and United States Patent No. 6,268,490, all of which are incorporated herein by 
reference in their entireties. 

The general LNA structure may be described by the following formula: 



R** 



B 



A 



Ri* 



25 



R 3* ^2* 

wherein X is selected from -0-, -S-, -N(R N >, -C{R6R6>, -0-C(R 7 R 7 ')-, -C(R6R 6 *)-0-, -S-C(R 7 R 7 >, 
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C(R 6 R6>S-. -N(R*>C(RW)-, -C(R6R6>N(RN>, and -C(R6R6>C(RW)-; 

B is selected from hydrogen, hydroxy, optionally substituted Ci^-alkoxy, optionally substituted Cu- 

alkyl, optionally substituted C1-4-acyloxy, and the nucleobases; 

P designates an internucleoside linkage to an adjacent monomer, or a 5'-terminal group, such 
5 internucleoside linkage or 5-terminal group optionally including the substiluent R 5 ; 

one of the substituents R 2 , R 2 *, R3, and R3* is a group P* which designates an internucleoside 
linkage to an adjacent monomer, or a 3'-terminal group; 

one or two pairs of non-geminal substituents selected from the present substituents of R 1 ', R"', R5 ( 
R 5 ', R 6 , R 6 *, R 7 , R 7 \ R N \ and the ones of R 2 , R 2 ', R3, and R3* not designating P* each designates a 

10 covalent bridging moiety consisting of one or more of the following substituents: -C(R a R b )-, - 
C(Ra)=C(Rb)-, -C(Ra) = N-, -0-, -Si(RaRb)-, -S-, -SOa-, -N(R a )-, and > C=Z, 
wherein Z is selected from -0-, -S-, and -N(R a )-, and R a and R» each is independently selected from 
hydrogen, optionally substituted Ci.i 2 -alkyl, optionally substituted CM2-alkenyl, optionally substituted 
CM2-alkynyl, hydroxy, Ci-12-alkoxy, CM 2 -alkenyloxy, carboxy, Ci-i 2 -alkoxycarbonyl, C1.12- 

15 alkylcarbonyl, formyl, aryl, aryloxycarbonyl, aryloxy, arylcarbonyl, heteroaryl, heteroaryloxycarbonyl, 
heteroaryloxy, heteroarylcarbonyl, amino, mono- and di-(C^-alkyl)amino, carbamoyl, mono- and di- 
(Ci^-alkyl)aminocarbonyl, amino-Ci-e-alkylaminocarbonyl, mono- and di-(Ci^-alkyl)amino-Cu- 
alkylaminocarbonyl, Ci^-alkylcarbonylamino, carbamido, d-e-alkanoyloxy, sulphono, Ci*- 
alkylsulphonyloxy, nitro, azido, sulphanyl, Ci-e-alkylthio. and the halogens, where aryl and heteroaryl 

20 may be optionally substituted, and where two geminal substituents R a and R b together may 
designate optionally substituted methylene ( =CH2), and wherein two non-geminal or geminal 
substitutents selected from R a , R", and any of the substituents R 1 \ R 2 , R 2 \ R3, R3*. r«\ rs_ rs-, R6 
and R6\ R7, and R 7 * which are present and not involved in P, P*, or the covalent bridging moiety or 
moieties together may form an associated bridging moiety selected from substituents of the same 

25 kind as defined before; 

the pair(s) of non-geminal substituents thereby forming a mono- or bicyclic entity together with (i) the 

atoms to which the non-geminal substituents are bound and (ii) any intervening atoms; and 

each of the substituents R<*, R 2 , R 2 *. R3, R<\ rs, rs-, R6 and R6 - R7) and R7 - mch are present and 

not involved in P, P*. or the covalent bridging moiety or moieties is independently selected from 
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hydrogen, optionally substituted Ci-i2-alkyl, optionally substituted CM2-alkenyl, optionally substituted 
CM2-alkynyl, hydroxy, Ci-u-alkoxy, CM2-alkenyloxy, carboxy, Ci.i2-alkoxycarbonyl, Cm2- 
alkylcarbonyl, formyl, aryl t aryloxycarbonyl, aryloxy, arylcarbonyl, heteroaryl, heteroaryloxycarbonyl, 
heteroaryloxy, heteroarylcarbonyl, amino, mono- and di(Ci^-alkyl)amino, carbamoyl, mono- and 
5 di(Ci^-alkyl)aminocarbonyl, amino-Ci^-alkylaminocarbonyl, mono- and di(Ci^-alkyl)amino-Ci^- 
alkylaminocarbonyl, Ci^-alkylcarbonylamino, carbamido, d-e-alkanoyloxy, sulphono, Ci*- 
alkylsulphonyloxy, nitro, azido, sulphanyl, Ci-6-alkylthio, and halogens, where aryl and heteroaryl 
may be optionally substituted, and where two geminal substituents together may designate oxo, 
thioxo, imino, or optionally substituted methylene, or together may form a spiro bridging moiety 
10 consisting of a 1-5 carbon atom(s) alkylene chain which is optionally interrupted and/or terminated 
by one or more substituents selected from -0-, -S-, and -(NR N )- where R N is selected from hydrogen 
and CM-alkyl, and where two adjacent (non-geminal) substituents may designate an additional bond 
resulting in a double bond; 

and R N \ when present and not involved in a covalent bridging moiety, is selected from hydrogen 
15 andCM-alkyl; 

and basic salts and acid addition salts thereof. 

In the instant specification, the terms "nucleobase" and "base" cover naturally occurring 
nucleobases as well as non-naturally occurring and modified nucleobases. It should be clear to the 
person skilled in the art that various nucleobases which previously have been considered "non- 
20 naturally occurring" have subsequently been found in nature. Thus, "nucleobase" or "base" include 
not only the known purine and pyrimidine heterocycles, but also heterocyclic analogs and tautomers 
thereof. Illustrative examples of nucleobases are adenine, guanine, thymine, cytosine, uracil, 
purine, xanthine, diaminopurine, 8-oxo-N 6 -methyladenine, 7-deazaxanthine, 7-deazaguanine, N 4 ,N 4 - 
ethanocytosine, N 6 ,N 6 -ethano-2,6-diaminopurine, 5-methylcytosine, 5-(C 3 -C 6 )-alkynylcytosine, 5- 
25 fluorouracil, 5-bromouracil, pseudoisocytosine, 2-hydroxy-S-methyl-4-triazolopyridine, isocytosine, 
isoguanine, inosine and the "non-naturally occurring" nucleobases described in United States Patent 
No. 5,432,272. The terms "nucleobase" and "base" are intended to cover each of these examples 
as well as analogs and tautomers thereof. Especially interesting nucleobases are adenine, guanine, 
thymine, cytosine, and uracil. 
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As is evident from the general formula above, and the definitions associated therewith, there 
may be one or several asymmetric carbon atoms present in the oligomers, depending on the nature 
of the substituents and possible covalent bridging moieties. The oligomers used in the present 
invention are intended to include all stereoisomers arising from the presence of any and all isomers 
of the individual monomer fragments as well as mixtures thereof, including racemic mixtures. Also 
included within the scope of the invention are variants of the general formula where B is in the <x- 
configuration. 

When considering the definitions and the known nucleosides (naturally occurring and non- 
naturally occurring) and nucleoside analogs (including known bi- and tricyclic analogs), it is clear 
that an oligomer may comprise one or more LNA(s) (which may be identical or different from one 
another, both with respect to the selection of substituent and with respect to selection of covalent 
bridging moiety) and one or more nucleosides and/or nucleoside analogs. In the instant specification 
"oligonucleotide'' means a successive chain of nucleosides connected via internucleoside linkages; 
however, it should be understood that a nucleobase in one or more nucleotide units (monomers) in 
an oligomer (oligonucleotide) may have been modified with a substituent B as defined above. 

As described above, the monomeric nucleosides and nucleoside analogs of an oligomer are 
connected with other monomers via an internucleoside linkage. In the present context, the term 
"internucleoside linkage" means a linkage consisting of 2 to 4, preferably 3, substituents selected 
from 

-CH 2 -. -0-, -S-, -NRH-, > C=0, > C = NR". > C = S, -Si(R>, -SO-, -S(0) 2 -, -P(0)2- -PO(BH 3 )-, - 
P(0,S)-, 

-P(S)2-, -PO(R>, -PO(GCH3)-, and -PO(NHRH)-, where Rh is selected from hydrogen and Cu- 
alkyl, and R" is selected from Ci-e-alkyl and phenyl. In some cases, the internucleoside linkage may 
be chiral. The oligomers used in the present invention are intended to include all stereoisomers 
arising from the presence of any and all isomers of the individual internucleoside linkages as well as 
mixtures thereof, including racemic mixtures. 

In one series of useful embodiments, as disclosed in WO 99/1 4226 and United States 
Patent No. 6,268,490, LNAs contain a methylene bridge connecting the 2'-oxygen of the ribose with 
the 4'-carbon according to the following formula: 
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Y 

where B is a nucleobase, and X and Y are internucleoside linkages. Without intending to be bound 
by theory, the covalent bridging moiety of these analogs is believed to reduce the conformational 
flexibility of the ribose ring by locking it in a 3'-endo conformation and to thereby increase the local 
organization of the phosphate backbone. 

In other interesting embodiments of this structure, the 2'-oxygen position is substituted with 
nitrogen or sulfur as shown in the following structures; 




where B is a nucleobase, and X and Y are internucleoside linkages. 

In other useful embodiments of the basic LNA structure, as disclosed in WO 99/14226, the covalent 
15 bridging moiety may include more than one carbon atom and may span other positions within the 



5 



10 
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ribose ring according to the following structu 
x o, 





o 



o 



B 



OCH 3 



where B is a nucleobase, and X and Y are internucleoside linkages. 

Alternatively, oligonucleotides of the present invention may include oligomers comprising at 
least one nucleoside having a xylo-LNA structure as disclosed in WO 00/56748 and having the 
general formula: 



Ri 



B 



Pi X ^R 2 



R** R?* 



10 where the internucleoside linkages are designated by P and P* t and the other groups may be the 
substituents disclosed in WO 00/56748. Specific examples of this analog are disclosed in WO 
00/50748 with the following structural framework: 
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x 




where B is a nucleobase, and X and Y are internucleoside linkages. Also disclosed in WO 00/56748 

and considered within the scope of the current invention are nucleoside analogs that contain 

linkages between the 2' and 5' carbons of the ribose ring: 
x o.. 

O 

5 Y 

where B is a nucleobase, and X and Y are internucleoside linkages. 

Other embodiments of the invention may include oligomers comprising at least one , 
nucleoside having an L-Ribo-LNA structure as disclosed in WO 00/66604 and having the general 
formula: 




Rr 



10 R 3* R 2* 

where the internucleoside linkages are designated by P and P\ and the other groups may be the 
substituents disclosed in WO 00/66604. Specific examples of this analog are disclosed in WO 
00/66604 with the following structural framework: 




15 where B is a nucleobase, and X and Y are internucleoside linkages. 
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Other embodiments considered within the scope of the present invention include 
oligonucleotides that contain the nucleoside analogs disclosed in United States Patent No. 
6,043,060. These analogs are represented by monomer units of the general formula: 




5 where B is a pyrimidine or purine nucleic acid base, or a derivative thereof, and where, within an 
oligomer, the plurality of B substituents may be identical to or different from one antoher. 

Synthesis of the nucleosides and nucleoside analogs of the present invention and the 
oligomers that contain them can be performed as disclosed in WO 99/14226, WO 00/56748, WO 
00/66604, WO 98/39352, United States Patent No. 6,043,060, and United States Patent No. 
10 6,268,490. 

It will be understood by one of skill in the art that the oligonucleotide sequence of the 
incoming oligonucleotide is complementary to one strand of the duplex target nucleic acid molecule 
and the annealing oligonucleotide is complementary to the other strand. It will further be understood 
by one of skill in the art that the incoming oligonucleotide can be complementary to either strand of 

1 5 the duplex target nucleic acid molecule and, therefore, that the annealing oligonucleotide can also 
be complementary to either strand of the duplex target nucleic acid molecule. 

In a useful embodiment, the first or incoming oligonucleotide is a DNA oligonucleotide and 
the second or annealing oligonucleotide comprises a modified nucleic acid residue. The incoming 
oligonucleotide is coated with RecA protein and the oligonucleotides are then combined with a 

20 duplex nucleic acid target molecule which contains the target sequence under conditions that 
produce an oligonucleotide:target double D-loop. In one embodiment, the RecA-coated incoming 
oligonucleotide is added and the single D-loop is allowed to form before the addition of the 
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annealing oligonucleotide. In another embodiment of the invention the oligonucleotides are added 
simultaneously. The resulting double D-loop contains both the incoming and annealing 
oligonucleotides and both strands of the duplex nucleic acid target molecule. 

The double D-loops formed according to the methods of the invention are formed more 
5 efficiently than double D-loops formed with two DNA oligonucleotides. The yield of double D-loops 
formed according to the methods of the invention is greater than the yield of double D-loops formed 
with two DNA oligonucleotides by at least about two, three, four, five, six, seven, eight, nine, ten, 
twelve, fifteen, twenty, or thirty fold or more. The yield of double D-loops formed according to the 
methods of the invention is at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% or 90%. 

10 The double D-loops formed according to the methods of the invention are also substantially 

more stable than double D-loops formed with two DNA oligonucleotides. The double D-loops 
formed according to the methods of the invention using oligonucleotides that are complementary to 
the target nucleic acid sequence are stable at or below, for example, 4°C, 15°C, 20°C, 25°C, 30°C, 
37°C. 45°C, 50°C and room temperature. In this context, "stable" indicates that the half-life at a 

1 5 given temperature of a double D-loop formed with oligonucleotides according to the methods of the 
invention is at least about two, three, four, five, six, seven, eight, nine, ten, twelve, fifteen, twenty, or 
thirty fold greater than the half-life at the given temperature of a double D-loop formed with two DNA 
oligonucleotides having the same sequence. 

In the present invention "RecA" or "RecA protein" refers to a family of RecA-like 

20 recombination proteins having essentially all or most of the same functions, particularly: (i) the ability 
to position properly oligonucleotides or polynucleotides on their homologous targets for subsequent 
extension by DNA polymerases; (ii) the ability topological^ to prepare duplex nucleic acid for DNA 
synthesis; and, (iii) the ability of RecA/oligonucleotide or RecA/poly nucleotide complexes efficiently 
to find and bind to complementary sequences. The best characterized RecA protein is from E. co//; 

25 in addition to the original allelic form of the protein a number of mutant RecA-like proteins have been 
identified, for example, RecA803. Further, many organisms have RecA-like strand-transfer proteins 
including, for example, yeast, drosophila, mammals including humans, and plants. These proteins 
include, for example, Red, Rec2, Rad51, Rad51B, Rad51C, Rad51D, Rad51E, XRCC2 and DMC1. 
See, for example, Fugisawa, H., et al.; Hsieh, P., et al., 1986; Hsieh, P., et aL, 1989; Fishel, R. A., et 
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al.; Cassuto, E., et al.; Ganea, D., et al.; Moore, S. P., et al.; Keene, K., et al.; Kmiec, E. B., 1984; 
Kmeic, E. B., 1986; Kolodner, R., et al.; Sugino, A., et al.; Halbrook, J., et al.; Eisen, A., et al.; 
McCarthy, J., et al., Lowenhaupt, K., et al. In a particularly useful embodiment the recombination 
protein is the RecA protein of E. coli. Alternatively, the RecA protein can be the mutant RecA-803 
protein of E. coli, a RecA protein from another bacterial source or a homologous recombination 
protein from another organism. 

The RecA protein coating reactions used in the methods of the present invention can be 
carried out using a variety of co-factors, including, for example, ATP-y-S, GTP-y-S, mixes of ATP-y- 
S and rATP, or rATP alone in the presence of a rATP regenerating system. In a particularly useful 
embodiment the RecA protein coating reactions of the methods of the present invention are carried 
out using ATP-y-S. 

In one embodiment of the invention the oligonucleotides are of equal length. In a useful 
embodiment, the incoming oligonucleotide is longer than the second oligonucleotide. In some useful 
embodiments, the region of overlap between the oligonucleotides is at least about 15 base pairs and 
less than about 500 base pairs. In other useful embodiments, the region of overlap between the 
oligonucleotides is at least about 10 base pairs and less than about 100 base pairs. In one 
embodiment of the invention, the region of complementary overlap between the oligonucleotides 
extends the entire length of the shorter oligonucleotide. Either oligonucleotide optionally may also 
contain an end terminal nucleic acid extension that is not complementary to either target strand. 
When present, any end terminal nucleic acid extension may be present on either the 5' or the 3' end 
of the oligonucleotide. When both oligonucleotides contain such an end terminal extension, these 
nucleic acid extensions optionally may be complementary to each other. 

Detection of the oligonucleotides in double D-loops according to the methods of the present 
invention may be accomplished on the RecA-containing complex, or, optionally, following 
deproteinization of the oligonucleotide:target complex. The detecting may optionally be followed by 
separation of the oligonucleotide:target complex from free oligonucleotide and from non-target 
nucleic acid. Separation includes, for example, gel electrophoresis, capillary electrophoresis, and 
chromatography. The oligonucleotide:target complex can be deproteinized by a variety of methods 
including treatment with SDS or proteinase K, as well as standard chemical deproteinization 
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methods, such as phenol-based methods. Such deproteinization can occur after or, optionally, 
before the detecting. 

In another embodiment, the detecting includes the use of a capture system that traps the 
oligonucleotide;target complex, where one oligonucleotide is labeled with a capture moiety. 
5 Generally, one of the oligonucleotides, usually the oligonucleotide that is not labeled with a capture 
moiety, is also labeled with a detection moiety. For example, one oligonucleotide strand can be 
biotin labeled and the other radioactively labeled. The oligonucleotide:target complex can then be 
captured by solid support-streptavidin (or avidin) and detected by, for example, autoradiography or 
scintillation counting. Alternatively, both oligonucleotides can be labeled with moieties for either 

10 capture or detection. For example, one oligonucleotide strand can be biotin labeled and the other 
digoxigenin labeled. The oligonucleotide.target complex can then be captured/detected by solid 
support-streptavidin (or avidin)/labeled anti-digoxigenin, or solid support-anti-digoxigenin 
antibody/labeled streptavidin (or avidin), In one useful embodiment, the solid support is magnetic 
beads including, for example, Dynabeads™. It will be understood by one of skill in the art that other 

1 5 detectable and/or capturable epitopes can be used in the practice of the instant invention. Where 
the detecting includes the use of a capture system, it is preferred that the oligonucleotide:target 
complex be deproteinized. From the foregoing, it is apparent that any combination of capture or 
detection moieties can be used in the oligonucleotides used to form the double D-loops of the 
invention. It is also readily apparent to those of skill in the art that a detection using a capture 

20 moiety could be further used for the isolation of the nucleic acid molecule. 

A wide range of modifications to oligonucleotides that can be used for subsequent capture 
are known to those of skill in the art, including, for example, labeling the oligonucleotides with biotin 
and using streptavidin (or avidin) for capture. Alternatively, labeling with an epitope tag and using 
an antibody that recognizes the epitope for capture, for example, labeling the oligonucleotide with 

25 digoxigenin and using an anti-digoxigenin antibody for capture. Haptens that are commonly 

conjugated to nucleotides for subsequent capture include biotin (biotin-11-dUTP, Molecular Probes, 
Inc., Eugene, OR, USA; biotin-21-UTP, biotin-21-dUTP, Clontech Laboratories, Inc., Palo Alto, CA, 
USA), digoxigenin (DIG-1 1-dUTP, alkali labile, DIG-1 1-UTP, Roche Diagnostics Corp., Indianapolis, 
IN, USA), and dinitrophenyl (dinitrophenyl-1 1-dUTP, Molecular Probes, Inc., Eugene, OR, USA). 
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The oligonucleotides can also be labeled for detection using a number of different 
modifications that are well known to those of skill in the art. These modifications include, for 
example, radioactive nucleotides, biotin- or digoxigenin- conjugated nucleotides, or fluorescent 
modifications. Commercially available fluorescent nucleotide analogs readily incorporated into the 
5 nucleic acids of the present invention include, for example, Cy ,M 3-dCTP, Cy'^-dUTP. Cy™5-dCTP, 
Cy' M 5-dUTP (Amersham Pharmacia Biotech, Piscataway, New Jersey. USA), fluorescein- 12-dUTP, 
tetramethylrhodamine-6-dUTP, Texas Red®-5-dUTP, Cascade Blue®-7-dUTP, BODIPY® 
FL-14-dUTP, BODIPY® R-14-dUTP, BODIPY® TR-14-dUTP, Rhodamine Green^-dUTP, Oregon 
Green® 488-5-dUTP, Texas Red®-12-dUTP, BODIPY® 630/650-1 4-dUTP, BODIPY® 

10 650/665-1 4-dUTP, Alexa Fluor® 488-5-dUTP, Alexa Fluor® 532-5-dUTP, Alexa Fluor® 568-5-dUTP, 
Alexa Fluor® 594-5-dUTP, Alexa Fluor® 546-14-dUTP, fluorescein-12-UTP, 
tetramethylrhodamine-6-UTP, Texas Red®-5-UTP, Cascade Blue®-7-UTP, BODIPY® FL-14-UTP, 
BODIPY® TMR-14-UTP, BODIPY® TR-14-UTP, Rhodamine Green™-5-UTP, Alexa Fluor® 
488-5-UTP, Alexa Fluor® 546-14-UTP (Molecular Probes, Inc. Eugene, OR, USA). Fluorescein 

1 5 labels can also be used to capture or isolate a target using commercially available anti-fluorescein 
antibodies. Radioactive labels can be identified by, for example, autoradiography or scintillation 
counting. The presence of biotin or digoxigenin can be detected by streptavidin or an 
anti-digoxigenin antibody, respectively, where the streptavidin (or avidin) or anti-digoxigenin is 
radioactively labeled, enzyme labeled (e.g., alkaline phosphatase, peroxidase, beta-galactosidase or 

20 glucose oxidase) or fluorochrome-labeled (e.g., fluorescein, R-phycoerythrin, or rhodamine). 

In another embodiment a detecting oligonucleotide is a "molecular beacon" such as those 
described in United States Patent No. 6,177,555. the disclosure of which is incorporated herein by 
reference in its entirety. A molecular beacon is a unimolecular nucleic acid molecule comprising a 
stem-loop structure, wherein the stem is formed by intramolecular base pairing of two 

25 complementary sequences such that the 5' and 3' ends of the nucleic acid are at the base of the 
stem. The loop links the two strands of the stem, and is comprised of sequence complementary to 
the sequence to be detected. A fluorescent group is covalently attached to one end of the molecule, 
and a fluorescence quenching group is attached to the other end. In the stem-loop configuration, 
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these two moieties are physically adjacent to one another. Thus, when the molecular beacon is 
illuminated with light corresponding to the excitation wavelength of the fluorescent group, the 
proximity of the fluorescence quenching group prevents fluorescence. However, when the 
molecular beacon hybridizes to sequence complementary to the loop, the fluorescent group and the 
5 quenching group become physically separated such that the quenching group no longer absorbs 
light emitted from the fluorescent group. Thus, binding of the molecular beacon to its target nucleic 
acid sequence is detected by an increase in fluorescence emission from the fluorescent group. It is 
possible to simultaneously use two or more molecular beacons with different sequence specificities 
in the same assay where each molecular beacon is labeled with at least a different fluorescent 

10 group. The bound oligonucleotides are then detected by monitoring for the spectral changes 

characteristic for the binding of each particular molecular beacon to its complementary sequence. 

In a particularly useful embodiment, hybridization of an oligonucleotide of the invention is 
detected by fluorescence resonance energy transfer ("FRET"). FRET and similar terms refer to the 
situation where a donor fluorophore can transfer resonance energy to an acceptor fluorophore such 

15 that the acceptor fluorophore produces a measurable fluorescence emission. If the donor 
fluorophore and acceptor fluorophore are too far apart, then the donor fluorophore can not 
effectively transfer resonance energy to the acceptor fluorophore. However, adjacent hybridization 
of two oligonucleotides can be detected where one oligonucleotide is labeled with a donor 
fluorophore and the other oligonucleotide is labeled with an acceptor fluorophore such that the donor 

-r 1 

20 fluorophore can transfer resonance energy to the acceptor fluorophore which then produces 

measurable fluorescence emission. A double D-loop can be formed according to the methods of the 
invention that contains more than two oligonucleotides, e.g., one incoming oligonucleotide and two 
annealing oligonucleotides. Annealing of said two annealing oligonucleotides could be readily 
detected by FRET analysis. Procedures for FRET analysis are well known to those of skill in the art 

25 and are described, for example, in Cardullo, R.A., et al., "Detection of Nucleic Acid Hybridization by 
Nonradialive Fluorescence Resonance Energy Transfer," Proc. Natl. Acad. Sci. USA, vol. 85, pp. 
8790-8794 (1988); Ghosh. S.S., et al., "Real Time Kinetics of Reduction Endonuclease Cleavage 
Monitored by Fluorescence Resonance Energy Transfer," Nucleic Acids Research, vol. 22, No. 15, 
pp. 3155-3159 (1994); and Hiyoshi, M., et al., "Assay of DNA Denaturation by Polymerase Chain 
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Reaction-Driven Fluorescence Resonance Energy Transfer," Analytical Biochemistry, vol. 221 , pp. 
306-31 1 (1994), the disclosures of which are incorporated herein by reference in their entireties. 

Detection of the oligonucleotides in the oligonucleotide:target complex can also be 
accomplished, for example, by RNA or DNA polymerase mediated primer extension from the 3'-end 
5 of either oligonucleotide, where the primer extension is performed in the presence of one or more 
dNTPs containing a detectable moiety. For example, the invention contemplates detection using a 
"rolling circle replication" reporter systems as described in, for example, United States Patent Nos. 
5,854,033 and 6,329,150, which are incorporated herein by reference in their entireties. Examples 
of detectable moieties, include, for example, those that are detectable by chromogenic detection. 

1 0 chemiluminescent detection and fluorescent detection or inorganic labels, such as colloidal gold 
particles or ferritin. Additional labels that may be used include marker enzymes such as alkaline 
phosphatase ("AP"), p-galactosidase or horseradish peroxidase, which are detected using a 
chromogenic substrate. For example, AP may be detected using 5-bromo-4-chloro-3-indolyl 
phosphate or nitroblue tetrazolium salt. Other labels include fluorescent tags such as fluorescein, 

1 5 rhodamine, and resorufin, and derivatives thereof, as well as coumarins such as hydroxycoumarin. 

The methods of the present invention further contemplate one or more additional set(s) of 
two oligonucleotides which are complementary to additional duplex target sequences. For example, 
a third and a fourth oligonucleotide, where the third oligonucleotide contains sequence 
complementary to one strand of a second target sequence and the fourth oligonucleotide contains 

20 sequence complementary to the other strand of the second target sequence, where (i) the third and 
fourth oligonucleotides also have a region of complementary overlap to each other, and (ii) the 
second set of oligonucleotides does not hybridize to the first set of oligonucleotides. The first and 
third oligonucleotides are coated with RecA protein in a RecA protein coating reaction and the 
oligonucleotides are combined with the linear duplex DNA containing the two target sequences. The 

25 combining is done under conditions that produce two oligonucleotide:target complexes which 
contain all four oligonucleotide strands and both target strands. In one embodiment, the first and 
third oligonucleotides are added and synapsis allowed to proceed prior to the addition of the second 
and fourth oligonucleotides. Alternatively, the two double D-loops can be formed sequentially. The 
resulting oligonucleotide:target double D-loops are stable to deproteinization. The presence of one 

30 or more of the oligonucleotides is then detected in the oligonucleotide:target complexes according to 
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any of the methods described herein or known to those of skill in the art. In one application multiple 
double D-loops can be formed at unique sequences within a chromosomal spread and detected by 
fluorescence microscopy following primer extension conducted in the presence of a fluorescent 
labeled dNTP. Mapping of sites can be accomplished by carrying out reactions in which each pair of 
5 targeting oligonucleotides is sequentially omitted from the cocktail. Resolution is superior to 

protocols that use single-stranded probes designed to hybridize to denatured DNA. Where there is 
more than one duplex target sequence, they may be, but need not necessarily be, contiguous, i.e. 
present in the same nucleic acid molecule. One of skill in the art will understand from that the 
methods could equally apply to the formation of three, four, five or more separate double D-loops in 

1 0 one or more duplex target nucleic acid molecules. 

The method involving two or more sets of oligonucleotides can be utilized in many of the 
same ways as described above for a single set of oligonucleotides. For example, the first set of 
oligonucleotides can be labeled with a capture moiety and the second set of oligonucleotides 
labeled with a detection moiety. Methods involving the formation of two or more double D-loops are 

15 particularly useful in the isolation of large nucleic acid molecules. In addition, methods involving two 
or more sets of oligonucleotides can usefully be combined with the double D-loop-mediated 
cleavage methods described herein to generate specific deletions in a duplex target nucleic acid 
molecule. 

The double-stranded oligonucleotide:duplex target complexes involving two sets of 
20 oligonucleotides can also be used in a RecA protein facilitated DNA amplification method. For 
example, the two sets of oligonucleotides can be hybridized to their duplex target sequences in the 
presence of ATP-y-S and reacted in a reaction mixture comprising: dNTPs, RecA protein and DNA 
polymerase. This reaction is performed below the temperature required for thermal dissociation of 
the two target strands and continued until a desired degree of amplification of the target sequence is 
25 achieved. The amplification reactions may further include repeated additions of (i) DNA polymerase 
and (ii) RecA protein -coated probes during the course of the amplification reactions. Other 
approaches to amplification, which can be applied to the present invention, are describe in United 
States Patent No. 5,223,414, incorporated herein by reference in its entirety. In each set of 
oligonucleotides, the 3' end of one oligonucleotide will be internal to the region defined by the two 
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sets of oligonucleotides; these ends are necessary for the amplification reaction. However, the 
opposite 3' ends of each primer pair, external to the region defined by the two primer sets, can 
optionally be blocked to inhibit the formation of extension products from these ends. This 
amplification method can also be used as a detection method or capture method, where detection or 
5 capture is accomplished by DNA polymerase facilitated primer extension from the 3'-ends of each 
oligonucleotide strand, where the primer extension reaction is performed in the presence of dNTP(s) 
and where one or more dNTP contains a detectable or capture moiety. 

An 6ligonucleotide:target double D-loop can also be used to block cleavage of any targeted 
restriction site. Blocking cleavage can be accomplished in a number of ways including, for example: 

1 0 (i) forming the oligonucleotide:target double D-loop and treating with restriction enzyme before 

deproteinization of the complex; (ii) using methylated or un-methylated oligonucleotides, depending 
on the sensitivity of a selected enzyme to the presence of methyl groups; (iii) introducing a 
sequence mismatch in each strand of the oligonucleotide, which eliminates the restriction site when 
the oligonucleotide hybridizes to the target; and (iv) forming the double D-loop and adding an 

15 enzyme to add/remove methyl groups to/from the DNA, depending on the sensitivity of a selected 
enzyme to the presence of methyl groups, at sites that are not within the double D-loop; followed by 
dissociation of the double D-loop and digestion with the appropriate restriction enzyme. There are 
many restriction enzymes that are sensitive to the presence of methyl groups in various target 
sequences, including, for example, Aatl. Aatll, Accl, Accll, Acclll, Acc65l, AccB7l, Acil, Acll, Adel, 

20 Afal, Afel, Afll, Aflll, Afllll, Agel, Ahall, Ahdl, Alol. Alut, Alwl, Alw21l, Alw26l. Alw44l, AlwNI, Amal, 
Aorl, Aor51HI, Aosll, Apal, ApaLI, Apel, Apol, Apyl, Aqul, AscI, Asp700l, Asp718l, AspCNI, AspMI, 
AspMDI, AtuCI, Aval, Avail, Avill, Bael, Ball, BamFI, BamHI, BamKI, Banl, Banll, Bazl, Bbel, Bbill, 
BbrPI, Bbsl, Bbul, Bbvl, BbvCI, Bca77l, Bce243l, BceAI„Bcgl, BciVI, Bell, Bcnl. Bepl, Bfil, Bfi57l, 
Bfi89l. Bfrl, Bful, Bgll, Bglll, Binl, BloHl, Blpl, BmaDI, Bme216l, Bme1390l, Bme 15801. BmeTI, 

25 BmgBI, Bnal. Boxl, Bpil. Bpll, Bpml, Bpul, BpulOI, Bpu1102l, Bsal, Bsa29l, BsaAl, BsaBI, BsaHl, 
BsaJI, BsaWI, BsaXI, Bscl, BscFI, BseCI, BseDI, BseGI, BseLI, BseMI, BseMII. BseRI, BseSI, 
BseXI, Bsgl, Bsh1236l, Bsh1285l, Bsh1365l, BshGI, BshNI, BshTI, BsiBI, BsiEl, BsiHKAl, BsiLI, 
BsiMI, BsiQI, BsiWI, BsiXI, Bsll, Bsml, BsmAI. BsmBI, BsmFI, BsoBI, BsoFI, Bsp49l, Bsp51l, 
Bsp52l, Bsp54l, Bsp56l, Bsp57l. Bsp58l, Bsp59l, Bsp60l, Bsp61l, Bsp64l, Bsp65l, Bsp66l, Bsp67l, 

30 Bsp68l, Bsp72l, Bsp91l, Bsp105l, Bsp106l. Bsp119l. Bsp120l, Bsp122l. Bsp143l, Bsp143ll, 
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Bsp1286l, Bsp2095l, BspAl, BspDI, N.BspD6l, BspEI. BspFI, BspHI, BspJ64l, BspKT6l, BspLI, 
BspLUHIII, BspMI. BspMII, BspPI, BspRI, BspST5l, BspT104l, BspT107l, BspXI, BspXII. BspZEl, 
BsrBI, BsrBRI. BsrDI. BsrFI, BsrPII, BssHII, BssKI, BssSI. Bstl, Bst1107l, BstAPI, BstBI, BstEII. 
BstEIII, BstENII, BstF5l, BstGI, BstKTI, BstNl, BstOI, BstPI. BstSCI, BstUI, Bst2UI. BstVI, BstXI, 
5 BstYl, BstZ17l, Bsu15l, Bsu36l, BsuBI, BsuEII, BsuFI, BsuMI, BsuRI, BsuTUI, Btcl, Btgl, Btrl, Btsl, 
Cacl, Cac8l, Cail, Caull, Cbil. Cbol, Cbrl, Ccel, Ccrl, Ccyl. Cfol. Cfrl, Cfr6l Cfr9l, CfrlOl, Cfr13l, 
Cfr42l, CfrBI, Cful, Clal, Cpel, Cpfl, CpfAl, Cpol, Cspl, Csp5l. Csp6l. Csp45l, Csp68KII, Cthll, Ctyl, 
CviAl, CviAII, CviBI, M.CviBIII, CviJI, N.CviPII, CviQI, N.CviQXI, CviRI, CviRII, CviSIII. CviTI, Ddel, 
Dpnl, Dpnll, Dral, Drall, Dralll, Drdl. DsaV, Eael, Eagl, Eam1104l, Eam1105l, Earl, Ecal, Ecil, 

10 Ecl136ll, EclXI, Ecl18kl, Eco24l, Eco31l, Eco32t, Eco47l, Eco47lll, Eco52l, Eco57l, Eco72l, Eco88l, 
Eco91l, Eco105l, Eco147l, Eco1831l, EcoAl, EcoBI, EcoDI, EcoHl, EcoHK31l, EcoKI. Eco065l, 
EcoO109l, EcoPI, EcoP15l, EcoRI, EcoRII, M.EcoRII, EcoRV, EcoR124l, EcoR124ll, EcoT22l, 
Ehel, EsaBC3l, EsaBC4l, EsaLHCI, Esp3l, Esp1396l, Faul, Fbal, FnuDII, FnuEl, Fnu4HI, Fokl, 
Fsel, Fspl, Fsp4HI, Gsul, Haell, Haelll, HaelV, Hapll, Hgal, HgiAl, HgiCI, HgiCII, HgiDI, HgiEl, 

15 HgiHI, Hhal, Hhall, Hinll, Hin6l, HinPII, Hindi, Hindll, Hindlll, Hinfl, Hpal, Hpall, Hphl, Hpy8l, 
Hpy99l, Hpy99ll, Hpy-1881. Hpy188lll, HpyAIII, HpyAIV. HpyCH4lll, HpyCH4IV, Hsol, Hal, Kasl, 
Kpnl. Kpn2l. Kspl, Ksp22l. KspAl, Kzo9l, UaAl, LlaKR2l, Mabl, Maell, Maml, Mbit, Mbol, Mbpll* Mfll, 
Mlsl, Mlul. Mlu9273l, Mlu9273ll, Mlyl, Mmel, Mmell, Mnll, Mrol, Mscl, Msel, Msll, Mspl, M.Mspl, 
MspAII, MspBI, MspR9l, Mssl, Mstll, MthTI, MthZI, Muni, Mval, Mva1269l, Mvnl, Mwol, Nad, Nanll, 

20 Narl, Neil, NciAl, Ncol, Ncul, Ndel, Ndell, NgoBV, NgoBVIII, NgoCI, NgoCII, NgoFVII, NgoMIV, 
NgoPII, NgoSII, NgoWI. Nhel, Nlalll, NlalV, NlaX, NmeSI, NmuCI, NmuDI, NmuEl, Notl, Nrul, Nsbl, 
Nsil, Nspl, NspV, NspBII, NspHI. Pad, Pael, PaeR7l, Pagl, Paul. Pdil, Pdml, Pei9403l, Pfal, Pfl23ll, 
PflFI, PflMI, Plel. Ple19l, PmaCI, Pmel, Pmll, Ppil, PpuMI, PshAI. Psp5ll, Psp1406l, PspGI, 
PspOMI, PspPI, Pstl, Psul, Psyl, Pvul, Pvull, Ral8l, RalF40l, RflFI, RflFII, Rrh4273l, Rsal, Rshl, 

25 RspXI, Rsrl, Rsrll, Sad, Sad I, Sail, SalDI, Sapl, Sau96l, Sau3239l, Sau3AI, SauLPI, SauMI, 

Sbo13l, Seal, Scg2l, Schl. ScrFI, Sdal, Sdul, SenPI, SexAl, SfaNI, Sfil, Sfol, Sful, Sg'fl, SgrAI, Sinl. 
Smal, Smll, SnaBI, Snol, Soil, Spel, Sphl, Spll, Spol, Srfl, Sru30DI, SscLH, Sse9l, Sse8387l, Ssol, 
Ssoll. SspRFI, Sstl, Sstll, Sth368l, Stsl, Stul, StyD4l, StyLTI, StyLTIII, StySJI, StySPI, StySQI, Taal, 
Tail, Taql, Taqll, TaqXI, Tftl, Tfll, Thai, Tlil, Tsel, Tsp45l, Tsp509l, TspRI, Tth111l, TthHB8l, Van91l, 

30 VpaK1 1BI, Vspl, Xapl, Xbal, Xcel, Xcml. Xcyl, Xhol, Xholl, Xmal, Xmalll, Xmil, Xmnl, Xorll, Xspl. 
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and Zanl. Similarly, many enzymes that can be used to methylate the duplex target nucleic acid 
molecule (methylases) are known, including, for example, M.AacDam. M.AaoHemKP, M.AarAlP, 
M.Aatll, M.Abrl, M.AccI, M.Acclll, M.Acil, M.Acll, M.Aflll, M.Afllll, M.AfuHemKP, M.AfuORF1409P, 
M.AfuORF1715P. M.AfuORF2345P, M.Agel. M.Ahdl, M.AimAI, M.AimAII, M.AIol, M.AIul, M.AIwl, 
5 M.AIw26l, M.Apal, M.ApaLI, M.ApeKHemKP, M.ApeKORF73P. M.ApeKORF446P, 

M.ApeKORF554P, M.ApeKORF872P, M.ApeKORF1835P, M.ApeKORF2002P, M.Apol, M.AquI, 
M.Ascl. M.Asel, M.AsiSI, MAspCNI, M.AthBP, M.Athl. M.Athlll, M.AthlVP, M.AthVP, M.AthVIP, 
M.AthVIIP. M.AthVIIIP, M.AtuCHemKP, M.AtuCHemK2P, M.AtuCHemK3P, M.AtuCORF8P, 
M.AtuCORF1453P, M.AtuCORF1997P, M.Aval, M.Avall, M.Avalll, M.AvalVP, M.AvaV, M.AvaVI, 
10 M.AvaVII, MAvaVIII, M.AvalX, M.Avrll, M.Babl, M.Ball, M.BamHI, M.BamHIl, M.Banl, M.Banll. 
M.Banlll, M.BbuB31HemKP, M.Bbulp250RF2P, M.Bbulp250RF29P, M.Bbulp560RF67P, M.Bbvl, 
M.BbvCIA, M.BbvCIB, M.Bce10987IP, M.BceAIA. M.BceAlB, M.Bcgl, M.Bchl, M.Bcll, M.BcnIA, 
M.BcnIB, M.BepI, M.BfalA, M.BfalB, BfaHemKP, M.BfaORFCI 13P, M.BfaORFC143P, 
M.BfaORFC157P, M.BfaORFCI 96P, M.BfaORFCI 98P, M.BfaORFC205P, M.BfaORFC223P, 
15 M.BfaORFC240P, M.BfilA, M.BfilB, M.BfuAIA, M.BfuAlB, M.Bgll, M.Bglll, M.BhaHemKP, 

M.BhaORF3508P, M.BhaORF3535P, M.BhaORF4003AP, M.BhaORF4003BP, M.BIpl, M.BmrIA, 
M.BmrIB, M.BollP, M.BolllP, M.BpmlA, M.BpmlB, M.BpulOIA, M.BpulOIB, M.BsalA, M.BsalB, 
M.BsaAl, M.BsaJI, M.BsaWI, M.BscGIA, M.BscGIB, M.Bse634l, M.BseCI, M.BseDI, M.BseMII, 
M.BseRIA, M.BseRIB, M.BseYI, M.BsgIA, M BsgIB, M.Bsll, M.BsmlA, M.BsmlB, M.BsmAI, 
20 M.BsmBI, M.BsoBI, M.Bsp6l, M.Bsp98l. M.BspCNIA, M.BspCNIB, M.BspHI, M.BspLUI 1IIIA, 
M.BspLUHIIIB, M.BspLUI 1IIIC. M.BspMIA, M.BspMIB, M.BspRI, M.BsrIA, M.BsrIB, M.BsrBIA, 
M.BsrBIB, M.BsrDIA, M.BsrDIB, M.BsrFI, M.BssHI, M.BssHII, M.BssSI, M.BstF5l, M.BstLVI, 
M.BstNBI, M.BstNBII, M.BstVI, M.BstYI. M.Bsu36l, M.Bsu168IP, M.Bsu168IIP, M.Bsu168IIIP, 
M.BsuBI, M.BsuFI, M.BsuRI, M.BusHemKP, M.BusHemK2P, M.Cac824l GCNGC, 
25 M.Cac824HemKP, M.Cac8240RF1222P, M.Cac824ORF2309P, M.Cac8240RF3358P, 
M.Cac8240RF3534AP, M.Cac8240RF3534BP, M.CauJHemKP. M.CauJORFC101 P, 
M.CauJORFC102P, M.CauJORFC103P, M.CauJORFC104P, M.CauJORFC107P, 
M.CauJORFCHOP, M.CauJORFC111P, M.CauJORFC112P, M.CauJORFC113P, 
M.CauJORFC114P, M.CauJORFC116P, M.CauJORFC117P, M.CauJORFC119P, M.CcrMI 
30 GANTC, M.CcrMHemKP, M.CcrMHemK2P, M.CcrMHemK3P, M.CcrMORF620P, 
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M.CcrMORF1033P, M.CcrMORF3626P, M.Cdi630HemKP, M.Cdi630ORFC636P, 
M.Cdi630ORFC861P. M.Cdi630ORFC898P, M.Cdi630ORFC633aP, M.Cdi630ORFC633bP, 
M.CelHemKP. M.Ceql, M.Cfr9l, M.CfMOI. M.CfrBI, M.Cgll, M.ChuAHemKP, M.ChuAORFC123P, 
M.ChuAORFC127P, M.Cjel, M.CjeNHemKP, M.CjeN0RF31P, M.CjeNORF208P, M.CjeNORF690P. 
5 M.CjeNORF1051P, M.CjeNORF1553P, M.CmuHemKP, M.CpalOWAIP. M.CpnAHemKP, 

M.CpnHemKP, M.CpnJHemKP, M.CsyAlP, M.CsyBIP, M.CtrHemKP, M.CviAl, M.CviAII, M.CviAIIIP, 
M.CviAIV, M.CviAV, M.CviBI. M.CviBIII, M.CviJI, M.CviPl, M.CviQI, M.CviQIII, M.CviQVP, 
M.CviQVI, M.CviQVII, M.CviRI. M.CviSI, M.CviSII, M.CviSIII. M.CviSVIP, M.Dcal, M.Dcall, M.Ddel, 
M DhaHemKP. M.DhaORFG135P, M.DhaORFC140P, M.DhaORFC141P, M.DhaORFC512P, 

10 M.DmeORFAP, M.DmeORFBP, M.DnolP, M.DpnllA, M.DpnIIB, M.Dralll, M.DraRHemKP, 
M.DraRORFB138P, M.DraRORFC20P, M.DrelP, M.DsaV, M.Eael, M.Eagl, M.EarIA, M.EarIB, 
M.Ecal, M.Ecl18kl, M.Eco31l, M.Eco47l, M.Eco47ll. M.Eco56l, M.Eco57IA, M.Eco57IB, M.Eco72l, 
M.EcoAl, M.EcoBI, M.Eco67Dam, M.EcoEl, M.EcoHK31l, M.EcoKI, M.EcoKIIP, M.EcoK12AhemKP, 
M.EcoKDam, M.EcoKDcm, M.EcoKHemKP, M.EcoK0157DamP, M.EcoK0157DcmP, 

15 M.EcoK0157HemKP, M.EcoK0157HemK2P, M.EcoK0157HemK3P, M.EcoK01570RF1 196P, 
M.EcoKO157ORF1780P, M.EcoK01570RF2981P, M.EcoK01570RF4134P, 
M.EcoKO157ORF5307P, M.EcoNI, M.EcoN150RF52P, M.EcoN150RF58P, M.EcoO109l, 
M.Eco0157IP, M.Eco0157DamP, M.Eco0157DcmP, M.Eco0157HemKP, M.Eco0157HemK2P, 
M.Eco0157HemK3P, M.Eco0157HemK4P, M.Eco01570RF1454P, M.EcoO157ORF2060P, 

20 M.Eco01570RF2389P, M.Eco01570RF3349P, M.Eco01570RF4622P, M.Eco01570RF5947P, 
M.EcoPI, M.EcoP15l, M.EcoPIDam, M.EcoRI, M.EcoRII, M.EcoRV, M.EcoR9l, M;EcoR124l, 
M.EcoR124ll, M.EcoTIDam, M.EcoT2Dam, M.EcoT4Dam, M.EcoVlll, M.EcoVT2Dam, 
M.Eco933WdamP, M.Eco29kl, M.Ecoprrl, M.EfaAHemKP, M.EfaAGRFC149P, M.EfaAORFC151P, 
M:EfaAORFC154P, M.EfaORFAP, M.EfaORFC154P, M.EnilP, M.EsaBCI I, M.EsaBC2l, 

25 M.EsaBC3l, M.EsaBC4l, M EsaBSI I, M.EsaBS2l, M.EsaDixl I, M.EsaDix2l, M.EsaDix3l, 
M.EsaDix4l, M.EsaDix5l, M.EsaDix6l ( M.EsaDix7l, M.EsaLHCI, M.EsaLHCII, M.EsaLHCIII. 
M.EsaLHC2l, M.Esp3l, M.FacHemKP, M.FacHemK2P, M.FacORFC156P, M FacORFC157AP, 
M.FacORFC157BP, M.FacORFC158P, M.FacORFC160P, M.Faul, M.FnuDI, M.Fnu4HI, M.Fokl, 
M.Fsel, M.Fspl, M.Fsp7605IP, M.Fvi3l. M.Ggal, M.GshIP, M.Gsul, M.H2I, M.Haell, M;Haelll, 

30 M.HaelV, M.HgalA, M.HgalB, M.HgiBI, M.HgiCI, M.HgiCII, M.HgiDI, M.HgiDII, M.HgiEl, M.HgiGI, 
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M.Hhal, M.Hhall, M.HinHPIDam, M.HinPII, M.Hincll, M.Hindi, M.Hindll, M.Hindlll, M.HindlV, 
M.HindV, M.HindHemKP, M.HindHemK2P. M.HindORF1056P, M.HindORF1286P, M.Hinfl, M.Hpal, 
M.Hpall, M.HphIA, M.HphIB, M.Hpyl, M.Hpy8l, M.Hpy99l, M.Hpy99ll, M.Hpy99lll. M.Hpy99IV, 
M.Hpy99VA. M.Hpy99VBP. M.Hpy99VI, M.Hpy99VII, M.Hpy99VIII, M.Hpy99IX, M.Hpy99X, 
M.Hpy99XI, M.Hpy166DP. M.Hpy166EP, M.Hpy166FP, M.Hpy166IVP, M.Hpy178IP, M.Hpy188l, 
M.Hpy188ll, M.Hpy188lll, M.HpyAI, M.HpyAIIA, M.HpyAIIB, M.HpyAIII. M.HpyAIV, M.HpyAV, 
M.HpyAVIA, M.HpyAVIB, M.HpyAVII, M.HpyAVIII, M.HpyAlX, M.HpyAX, M.HpyAXI, 
M.HpyAHemKP, M.HpyAORF263P, M.HpyAORF369P, M.HpyAORF463P ( M.HpyAORF481P, 
M.HpyAORF483P, M.HpyAORF850P, M.HpyAORF1354P, M.HpyAORF1370P, M.HpyAORF1403P, 
M.HpyAORF1472P, M.HpyAORF1517P, M.HpyAORF1522P, M.HpyCH4IV, M.HpyCH4V, 
M.Hpy166GP, M.Hpy166HP, M.Hpy99HemKP, M:Hpy990RF415P, M.Hpy99ORF430P, 
M.Hpy990RF433P, M.Hpy990RF613P, M.Hpy990RF786P, M.Hpy990RF846P, 
M.Hpy99ORF1012P, M.Hpy990RF1284P, M.Hpy990RF1296P, M.Hpy990RF1365P, 
M.Hpy99ORF1409P, M.Hpy990RF1411P, M ; Hpy990RF1423P, M.HsalB, M.HsallP, M.HsalllA, 
M.HsalllB, M.HsalVP, M.HsaHemKP, M.HsaHemK2P, M.HspNIP, M.HspNHemKP, 
M.HspNORF106P, M.HspNORF1543P, M.HspNORF2242P, M.HspN0RF61 35AP, 
M.HspNORF6135BP, M.Kpnl, M.Kpn2l, M.KpnAI, MldvlP. M.LesIP, M.LinHemKIP, M.LIal, 
M.LIa82l, M.Ua1403l, M.LIa2009IP, M.LIa2614l, M.LIaAIA, M.LIaAlB, M.LIaBi, M.LIaBIIP, M.LIaBIII. 
M.LIaGI, M.LIaDII, M.LIaDCHIA, M.LIaDCHIB, M.LIaFI, M.UaGI, M.LIa1403HemKP, M.LIaKR2l, 
M.Ua509ORFAP, M.LIaPI, M.LIdl, M.LmoA118l, M.Lsp1109l. M.Maml, M.MarMIP, M.MbaHemKP, 
M.MbaORFC198P, M.MbaORFC203P, M.MbaORFC206P. M.MbaORFC207P. M.MbaORFC531P, 
M.MbaORFC533P, M.MbolA, M.MbolB, M.MbollA. M.MbollB, M.MboAHemKP, 
M.MboAORFC210P, M.MboAORFC263P, M.MboAORFC271P, M.Mca27343l, M.Mfel, 
M.MgeHemKP, M.MgeORF184P. M.MgrIP, M.Mjal, M.Mjall, M.Mjalll, M.MjalVP; M.MjaV. M.MjaVI, 
M.MjaHemKP, M.MjaORF132P, M.MjaORF563P, M.MjaORF1200P, M.MjaORF1220P, 
M.MjaORFCL42P, M.MIeHemKAP, M.MIeHemKBP, M.MIeSHemKP, M.MIeSORF756P, 
M.MIoHemKP, M.MIoORFmll9056P, M.MIoORFml(9333P. M.MIoORFmlr7520P, 
M.MIoORFmlr7992P, M.MIoORFmlr8517P, M.MIul, M.MIyl, M.MmaMHemKP, M.MmaMHemK2P, 
M.MmaMHemK3P, M.MmaMORF527P, M.MmaMORFC170P, M.MmaMORFC174P, 
M.MmaMORFC175AP, M.MmaMORFC175BP, M . MmaMORFG525P, M.MmaMORFC527P. 



0207949 5A2 I > 



WO 02/079495 



PCT/US02/0969.1 



-27- 

M.Mmul, M.MmullP, M.MmulllA, M.MmulllB, M.MmyIP, M.MneAORF1590P,.M.MnllA, M.MnllB, 
M.MpnIP, M.MpnHemKP, M.MpnORFDP, M.MpuCHemKP, M.MpuCORF430AP, 
M.MpuCORF430BP, M.MpuCORF810AP, M.MpuCORF810BP, M.MpuCORF1850AP, 
M.MpuCORF1850BP. M.MpuCORF3960P, M.MpuCORF3970P, M.MpuCORF3980P, 
5 M.MpuCORF4330P, M.MpuCORF48G0P, M.MpuCORF6780P, M.MpuCORF6880P, M.MpuUI, 

M.MsaRVIP, M.MsaV2IP. M.MsaV3IP, M.MsaV4IP, M.Msel, M.Mspl, M.MspAII, M.MspMCHemKP. 
M.MspMCHemK2P, M.MspMCHemK3P, M.MspMCORFC183P, M.MspMCORFC184P, 
M.MspMCORFC186P, M.MspMCORFC187AP, M.MspMCORFC187BP, M.MthHHemKP, 
M.MthHORF495P, M.MthHORF724P, M.MthHORF942P, M.MthTI, M.MthZI, M.MtuCTHemKP, 

10 M.MtuCTORF2076P. M.MtuCTORF2082P, M.MtuCTORF2826P, M.MtuCTORF3363P, 

M.MtuHHemKP, M.MtuHORF2756P. M.MtuHORF3263P, M.Munl. M.Mval, M.Mwol, M.Nael, 
M.NarAORFC306P, M.Ncol, M.NcrNI, M.Ndel, M.NeuHemKP, M.NeuORFC215AP, 
M.NeuORFC215BP, M.NeuORFC218P, M.NeuORFC219P, M.NgoBI, M.NgoBIIP, M.NgoBV, 
M.NgoBVIIIA, M.NgoBVIIIB, M.NgoFVII, M.NgoLII, M.NgoLHemKP, M.NgoMIV, M.NgoMX, 

15 M.NgoMXV. M.NgoMorf2P, M.NgoPII, M.NgoSII, M.Ngo125VIIP, M.Nhel.M.NIaHl, M.NIalV, M.NlaX, 
M.NmeAHemKP, M.NmeAHemK2P, M.NmeAORF59P. M.NmeAORF191P, M.NmeAORF427P, 
M.NmeAORF532P, M.NmeAORF561P, M.NmeAORF1035P, M.NmeAORF1038P, 
M.NmeAORF1385P, M.NmeAORF1432P, M.NmeAORF1453P, M.NmeAORF1467P, 
M.NmeAORF1500P. M.NmeAORF1590P, M.NmeBIA, M.NmeBIB, M.NmeBF13P, M.NmeBHemKP, 

20 M.NmeBHemK2P, M.NmeBORF76P, M.NmeBORF826P, M.NmeBORF829P, NmeBORF1033P, 
M.NmeBORF1223P, M.NmeBORF126lP, M.NmeBORF1290P, M.NmeBGRF1375P i 
M.NmeB1940ORF1P, M.NmeDIP, M.Nme2120ORF1P, M.NmeSI, M.NmeST11170RF1P, M.Notl, 
M.NpuHemKP, M.NpuORFC221P, M.NpuORFC222P, M.NpuORFC224P, M.NpuORFC226P, 
M.NpuORFC227P, M.NpuORFC228P, M.NpuORFC229P, M.NpuORFC230P. M.NpuORFC231P, 

25 M.NpuORFC232P, M.NpuORFC234P, M.NpuORFC237P, M.NpuORFC242P, M.Nspl, M.Nsplll, 
M.NspV, M.NspHI. M.OkrAI, M.OsalP, M.PabHemKP, M.PabORF588P, M.PabORF1205P, 
M.PabORF1283P, M.PabORF2149P, M.PabORF2246P, M.PabORF2317P, M.Pac25l, 
M.PaePAHemKP, M.PaePAHemK2P, M.PaePAHemK3P, M.PaePAHemK4P. M.PaePAORF370P, 
M.PaePAORF2735P, M.PaeR7l. M.PcopB4P, M.PflMI, M.PflPHemKP, M.PflPHemK2P, 

30 M.PflPHemK3P, M.PflPHemK4P, M.PfuAIP. M.Pgil. M.PhaAI. M.PhaBI, M.PhiBssHII, M.PhiChl I, 
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M.PhiGIP, M.PhiHIAP, M.PhiHIBP, M.PhiHIl, M.PhiMx8l, M.Phi3TI, M.Phi3TII TCGA, 
M.PhoHemKP, M.PhoORF39P, M.PhoORF338P, M.PhoORF584P, M.PhoORF905P, 
M.PhoORF1032P, M.PhoORF1948P, M.PIel, M.PIiMCI, M.PmaMEDHemKP. M.PmuDamP, 
M.PmuHemKP, M.PmuHemK2P, M.PmuHemK3P, M.PmuORF698P, M.PmuORF1537P, M.Ppu21l ( 
M.ProHemKP, M.ProORFC262P, M.Psal, M.PshAI, M.PspGI, M.PspPI, M.Pstl, M.Pstll, M.Pvull, 
M.QpalP, M.RcoHemKP, M.RcoORF690P, M.RcoORF1350P, M.RhmlP, M.Rho11sl, M.Rhvl, 
M.RIe39BI, M.RmeADamP, M.RmeAHemKP, M.RmeAHemK2P, M.RmeAORFC243P, 
M.RmeAORFC246P, M.RnolP, M.RpaORFC296AP, M.RpaORFC296BP, M.RpaORFC298P, 
M.RpaORFC302P, M.RpaORFC303P, M.RprHemKP, M.Rsal, M.RshYP, M.RshXP, M.RspAlP, 
M.RspDORFC282AP, M.RspDORFC282BP, M.RspDORFC283P, M.RspDORFC285P, 
M.RspDORFC291P, M.Rsrl, M.SPBetal, M.SPRI, M.Sacl. M.Sacll, M.Sall, M.SaplA, M.SaplB. 
M.Sau42l, M.Sau96l, M.Sau3AI. M.SauMu50HemKP, M.SauMu50ORF431 P, 
M.SauMu50ORF1808P, M.SauN315HemKP, M.SauN3150RF391P, M.SauN3150RF1626P, 
M.Scal, M.SceHemKP, M.SciSpVIP, M.ScoA3HemKP, M.ScrFIA, M.ScrFIB, M.SenPI, 
M.SeqHemKP, M.SeqORFC20AP, M.SeqORFC20BP, M.SeqORFG57P, M.SeqORFC175P, 
M.SeqORFC272P, M.SeqORFC395P, M.SeqORFC448P, M.Sfil, M.Sfol, M.SgrAI, M.Sinl, M.Smal, 
M.Small, M.SmelP, M.SmeHemKIP, M.SmeHemK2P, M.SmeORF2296P, M.SmeORF3763P, 
M.SnaBI, M.SoblP, M.Spel, M.Sphl, M.Spn526IP, M.Spn5252IP, M.SpnHemKP, M.SpnORF505P, 
M.SpnORF886P, M.SpnORF1221P, M.SpnORF1336P, M.SpnORF1431P, M.SpnRHemKP, 
M.SpnRHemK2P, M.SpnRORF449P, M.SpnRORF790P, M.SpnRORF1101P, M.SpnRORF1287P. 
M.SpnRORF1665P, M.Spoml, M.SpomHemKP, M.SprHemKP, M.SpyHemKP, M.SpyORF1077P. 
M.SpyORF1906P, M.Sse9l, M.SsfORF265P, M.Ssol, M.Ssoll, M.Sspl, M.Ssp6803l, 
M.Ssp6803HemKP, M.Ssp6803ORF729P, M.Ssp6803ORF1803P. M.SssI, M.Ssu2479IA, 
M.SSU2479IB, M.Ssu4109IA, M.Ssu4109IB, M.Ssu4961IA, M.Ssu4961IB, M.Ssu8074IA, 
M.Ssu8074IB, M.Ssu11318IAP, M.Ssu11318IBP, M.SsuDATIIA, M.SsuDATIIB, M.Sth368l, 
M.SthER35IP, M.SthSfi10RF535P, M.SthStOIP, M.SthSt8IP, M.StoHemKP, M.StoORF335P, 
M.StsI, M.StyCORFAP, M.StyD4l. M.StyDam, M.StyDcmlP, M.StyLTI, M.StyLTIII, M.StyLT2DamP 
GATC, M.StyLT2DcmP, M.StyLT2FelsDamP, M.StyLTHemKP, M.StyLT2HemKP, 

M.StyLT2HemK2P, M.StyLT20RF357P, M.StyLT20RF3386P, M.StyLT20RF4525P, 
M.StyR270RF41P, M.StyR270RF43P, M.StyR270RF154P, M.StySBLI, M.StySBLIIP, M.StySJI, 
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M.StySKI, M.StySPI, M.Swal, M.Taql TCGA, M.Tfil GAWTC, M.TfuORFC321AP, 
M.TfuORFC321BP, M.TfuORFC325P, M.TfuORFC327P, M.Thai, M.ThaHemKP, M.ThaHemK2P, 
M.ThaORF318P, M.ThaORF644P, M.ThaORF1168P, M.ThaORF1336AP, M.ThaORF1336BP, 
M.ThaORF1417P, M.TIil, M.Tmal, M.TmaHemKP, M.Tpal, M.TpaHemKP, M.Tsel, M.Tsp45l, 
5 M.Tsp509l, M.TspRI, M.Tth111l, M.TthHB8l, M.TvoORF124AP, M.TvoORF124BP, M.TvoORF442P, 
M.TvoORF681P, M.TvoORF725P, M.TvoORF849P, M.TvoORF1192P, M.TvoORFHOOP, 
M.TvoORF1413P, M.TvoORF1416P, M.TvoORF1436P, M.UurHemKP, M.UurORF98P, 
M.UurORFIOOP, M.UurORF477P. M.UurORF528P. M.Van91ll, M.VchOIIP, M.VchADamP, 
M.VchAHemKP. M.VchAHemK2P, M.VchAORF198P, M.VchAORF1769P, M.Vspl, M.Xarnl, M.Xbal, 

10 M.Xcml, M.Xcyl. M.XfaAORFC332P. M.XfaAORFC333P, M.XfaAORFC340P, M.XfaHemKP, 
M.XfaHemK2P. M.XfaORF297P, M.XfaORF641P, M.XfaORF935P, M.XfaORF1774P, 
M.XfaORF1804P, M.XfaORF1968P, M.XfaORF2297P, M.XfaORF2313P, M.XfaORF2723P, 
M.XfaORF2724P, M.XfaORF2728P, M.XfaORF2742P, M.Xhol, M.Xholl. M.XIal, M.Xmal, 
M.XmaXhl, M.Xmnl, M.Xorll, M.YpelP, M.Zmal, M.ZmallA, M.Zmalll, M.ZmaV, and M.ZmaORFAP. 

15 The "Achilles' Heel" protocol could also be used (See, e.g., Ferrin and Camerini-Otero. Science.254: 
1494-1497 (1991]). 

An oligonucleotide:target double D-loop can also be used to generate a specific cleavage 
site in double-stranded target DNA. The Type lis restriction endonucleases are also particularly 
useful in the methods of the invention. Type lis restriction enzymes have distinct DNA binding and 

20 cleavage domains; therefore, they recognize a specific sequence but cleave a defined distance 
away. For example, the Type lis restriction enzyme, Fok\, binds to a site containing the sequence 
GGATG and cleaves 9 and 13 base pairs away from the recognition site in a staggered fashion. 
Other Type lis and Type Ms-like enzymes can be used including, for example, restriction enzyme 
Stsl, Group I intron homing endonuclease I-Tevl, R2 retrotransposon endonuclease R2, PI 

25 transposase SCEI and bacterial recombination RecBCD. Other homing endonucleases include, for 
example, F-Scel, F-Scell. F-Suvl. F-Tevl, F-Tevll, l-Amal. I-Anil, l-Bmol. I-Ceul, 1-CeuAIIP, l-Chul, I- 
Cmoel, l-epal, l-Cpall, l-Crel, 1-CrepsblP. 1-CrepsbllP, 1-CrepsblllP, 1-CrepsblVP, l-Csml, l-Cvul, I- 
CvuAIP. l-Ddil, l-Ddill, l-Dirl, l-Dmol, l-Hmul, l-Hmull, 1-HspNIP, l-Llal, l-Msol, l-Naal, l-Nanl, 1-NcllP, 
1-NgrlP, l-Nitl, l-Njal, l-Nsp236IP, l-Pakl, 1-PbolP, 1-PculP, 1-PcuAI, 1-PcuVI. 1-PgrlP, 1-PoblP, l-Porl, 

30 1-PorllP. 1-PpblP, l-Ppol. 1-SPBetalP, l-Scal, l-Scel, l-Scell, l-Scelll, 1-ScelV, 1-SceV, 1-SceVI, I- 
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* 

See VII. 1-SexlP, 1-SnelP, 1-SpomCP, 1-SpomlP, 1-SpomllP, 1-SqulP, I-Ssp6803l, 1-SthPhiJP, I- 
SthPhiST3P, !-SthPhiS3bP, 1-TdelP, I-Tevl, l-Tevll, l-Tevlll, 1-UarAP, IUarHGPA1P, I- 
UarHGPA13P, l-VlnIP, l-ZbilP, Pl-Mgal, Pl-Mtul, PI-MtuHIP. PI-MtuHIIP, Pl-Pful, Pl-Pfull, Pl-Pkol. 
Pl-Pkoll. Pl-Pspl, PI-Rma43812IP, PI-SPBetalP, Pl-Scel, Pl-Tful. Pl-Tfull, Pl-Thyl, Pl-Tlil. and Pl- 
Tlill. Also Type MB restriction enzymes that cleave on both sides of the binding site could be used 
such as Bcgl and Bp/I. The recognition site for a Type lis, Type lls-like or Type MB restriction 
enzyme can be formed by, for example, an extension on one of the oligonucleotides in the double D- 
loop which folds back forming a double-stranded portion containing the recognition site. 
Alternatively, the recognition site can be formed by homologous extensions on both oligonucleotides 
in the double D-loop which hybridize to form the recognition site for a Type lis, Type lls-like or Type 
IIB restriction enzyme. Cleavage occurs in the target duplex 5' to the complex. 

Alternately, a cleavage domain or peptide having endonucleolytic activity that is not 
sequence specific can linked to one of the oligonucleotides in the double D-loop. Examples of such 
an endonucleolytic activity include, for example, EDTA-Fe" (for iron/EDTA facilitated cleavage), 
non-specific phosphodiesterases, and non-specific restriction endonucleases. For example, a 
cleavage domain or peptide having endonucleolytic can be linked covalently to one of the 
oligonucleotides in the double D-loop or it can be linked to an oligonucleotide through a ligand- 
receptor interaction. The double D-loop directs cleavage to the specific site where the double D- 
loop is formed because the cleavage domain is either linked directly to one of the oligonucleotides or 
binds the ligand attached to the oligonucleotide. As a further example, the double D-loop structure 
may be cleaved with a single-strand specific endonuclease, for example, S1 nuclease. As yet 
another example, the cleavage can be accomplished using a resolvase that recognizes the double 
D-loop structure, such as the MRE1 1 . In any of these cases, the site of cleavage specificity is 
conferred by the target sequence which is defined by the oligonucleotides. Several approaches 
described above for blocking cleavage of a restriction site can also be used to generate a specific 
cleavage site, including, for example, the'Achilles' Heel" protocol or forming a double D-loop and 
incubating with an enzyme to add/remove methyl groups as described, depending on the sensitivity 
of a selected enzyme to the presence of methyl groups. 

Both the restriction site protection method and the site specific cleavage method are useful 
in restriction fragment length polymorphism analysis. 
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The incoming oligonucleotides used in the methods of the present invention may be about 
10 to about 500 nucleotides in length, usefully about 15 to about 50 nucleotides in length, and 
generally about 20 to 40 nucleotides in length. In some embodiments, the incoming oligonucleotide 
is a DNA oligonucleotide or a DNA oligonucleotide with modified terminal segments. The incoming 
5 oligonucleotide comprises enough DNA residues to allow sufficient RecA to bind to promote 
annealing between the incoming oligonucleotide and the target duplex nucleic acid molecule. In 
another embodiment, the incoming oligonucleotide is at least as long as the annealing 
oligonucleotide. 

The annealing oligonucleotide used in the methods of the present invention may be about 5- 
10 50 nucleotides in length, usefully about 10-30 nucleotides in length, and generally about 12-20 
nucleotides in length. In one embodiment, the annealing oligonucleotide comprises at least one 
LNA, RNA, or PNA or any combination thereof. In another embodiment the annealing 
oligonucleotide comprises more than 10, 20, 30, 40, 50, 60, 70, 80, or 90% LNA, RNA, or PNA. In a 
particularly useful embodiment, the annealing oligonucleotide comprises enough LNA, RNA, or PNA 
1 5 such that RecA does not bind to a significant extent to the annealing oligonucleotide. In some 
embodiments, the incoming oligonucleotide is centrally positioned relative to the annealing 
oligonucleotide. 

If there are self-dimerization structures within the oligonucleotide, lengths longer than about 
35 bases are preferred for both oligonucleotides. Oligonucleotides that are both shorter and longer 
20 than certain of the exemplified oligonucleotide described in the examples herein are useful for the 
methods of the invention and are within the scope of the present invention . 

Once an oligomer is chosen, it can be tested for its tendency to self-dimerize. Checking for 
self-dimerization tendency can be accomplished manually or, more easily, by using a software 
program. One such program is Oligo Analyzer 2.0, available through Integrated DNA Technologies 
25 (Coralville, IA 52241) (http://www.idtdna.com); this program is available for use on the world wide 
web at 

http://www.idtdna.com/program/oligoanalyzer/ 
oligoanalyzer.asp. 

For each oligonucleotide sequence input into the program, Oligo Analyzer 2.0 reports 
30 possible self-dimerized duplex forms, which are usually only partially duplexed, along with the free 
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energy change associated with such self-dimerization. Delta G-values that are negative and large in 
magnitude, indicating strong self-dimerization potential, are automatically flagged by the software as 
"bad". Another software program that analyzes oligomers for pair dimer formation is Primer Select 
from DNASTAR, Inc., 1228 S. Park St., Madison, Wl 53715, Phone: (608) 258-7420 
5 (http://www.dnastar.com/products/PrimerSelect.html). 

If the sequence is subject to significant self-dimerization, the addition of further sequence 
complementarity to the target nucleic acid can improve the utility of the oligonucleotide for the 
methods of the invention. The optimal lengths, complementarity and composition of the 
oligonucleotides for a given target nucleic acid sequence can be determined by the assays 
10 described herein. 

The oligonucleotides used in the present invention are substantially complementary to one 
strand of a duplex target nucleic acid molecule. Generally, the oligonucleotides of the present 
invention are at least 80% identical in sequence to one strand of a duplex target nucleic acid 
molecule, typically at least 90% identical in sequence to a target nucleic acid, and more typically at 

15 least 95% identical in sequence to a target nucleic acid. In most applications, the oligonucleotides 
of the present invention are identical in sequence to a target nucleic acid or have a single mismatch 
relative to the sequence of the target. Where the oligonucleotides are not identical in sequence to 
the target nucleic acid sequence any differences in sequence of the oligonucleotide as compared to 
the targeted nucleic acid are generally located at about the middle of the oligonucleotide sequence. 

20 The double-stranded probe:duplex target complexes of the present invention can also be 

used for diagnostic in situ detection techniques. 

In another aspect, the invention relates to a method for detecting a polymorphism, including 
a single nucleotide polymorphism ("SNP"), in a target sequence. A polymorphism refers to the 
existence of two or more alternative sequences which can be, for example, different allelic forms of 

25 a gene. A polymorphism may comprise one or more base changes including, for example, an 
insertion, a repeat, or a deletion. 

SNPs usually refer to polymorphisms that are the result of a single nucleotide alteration. 
SNPs usually arise due to a difference of one nucleotide at the polymorphic site but can also arise 
from the deletion or insertion of a nucleotide relative to a reference allele. A target duplex nucleic 
30 acid molecule analyzed by the method for detecting a polymorphism, including a SNP, can be 
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amplified, for example by PCR, or unamplified. Further, the target nucleic acid molecule can be 
analyzed in vitro , either in solution or affixed to a solid matrix, or in situ . 

In one useful embodiment, the incoming oligonucleotide is labeled with a detectable moiety. 
In another useful embodiment the annealing oligonucleotide is labeled with a detectable moiety. In 
5 some embodiments, both the incoming and the annealing oligonucleotides are labeled with a 
detectable moiety. When both oligonucleotides are so labeled, the labels may be the same or 
different. 

In another useful embodiment, the method of the invention is used to screen an individual to 
determine the genotype at a specific SNP. Genetic factors contribute to many human diseases, 

10 conferring susceptibility or resistance and affecting both progression and severity of the disease. 
Many of these genetic factors are associated with particular alleles of specific genes that are 
represented by SNPs. For example, variations in the apoE gene are associated with Alzheimer's 
disease, variations in the CCR5 chemokine receptor gene are associated with resistance to HIV 
infection, and variations in the hemoglobin gene are associated with sickle cell anemia. Further, 

15 response to specific therapies may also be affected by genetic differences. Thus, information about 
variations in DNA sequence may assist in the analysis of disease and in the development of 
diagnostic, therapeutic, and preventative strategies. Thus, the ability to identify the specific genetic 
constitution of an individual will aid in the diagnosis, treatment, and prevention of disease. 

20 The following examples are provided by way of illustration only, and are not intended to limit 

the scope of the invention disclosed herein. 
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Example 1 

General Protocols for Formation and 
Detection of Double D-loops and Y-arms 

5 Formation of double D-loops. Typically, we form double D-loops or Y-arms by combining 

the following in a 7 pi reaction so that the final concentration in 10 pi is: 80 nM of the first or 
"incoming" oligonucleotide; 2.5 pM Escherichia coli RecA protein; 1 .0 mM ATP- y-S; 25 mM Tris- 
acetate, pH 6.8; 1 mM dithiothreitol; and 1 mM magnesium acetate. This reaction is incubated for 
10 minutes at 37°C to allow for binding of RecA protein to the oligonucleotide ("presynapsis", see 

10 Figure 1 for an outline of the method). We then add double-stranded nucleic acid target, which is 
generally 32p. en d-labeled using T4 polynucleotide kinase to facilitate detection of the complex, at a 
concentration of approximately 20 nM and 10 mM magnesium acetate to a final volume of 10 pi. We 
incubate this reaction for 10 minutes at 37°C to allow for synapsis between to the incoming 
oligonucleotide and the target nucleic acid molecule. We then add the second or "annealing" 

15 oligonucleotide in 1 pi to a concentration of 640 nM (calculated for the original 10 pi reaction volume) 
and incubate for 10 minutes at 37°C to allow the second oligonucleotide to anneal to the target 
nucleic acid. We then denature the RecA bound to the oligonucleotide:target complex by cooling 
the reaction to about 4°C in an ice bath and adding 1 pi of 10% SDS. The samples are then used 
immediately or stored at -20°C. 

20 Detection of double D-loops. We may analyze the samples prepared as described above 

by separating by polyacrylamide gel electrophoresis (PAGE). We dry the gels and detect the 32 P- 
labeled target duplex nucleic acid by either autoradiography or using a phosphorimager. We 
monitor the formation of the double D-loops under these assay conditions by detecting the retarded 
migration of the labeled nucleic acid in the gel: the labeled target nucleic acid in double D-loops 

25 migrates more slowly than duplex target nucleic acid. 
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Example 2 

Double D-loop Formation Using an 
Oligonucleotide Comprising LNA 

5 Oligonucleotides used in this example. We employ the protocol described in Example 1 to 

form double D-loops between two DNA oligonucleotides and linear, duplex target DNA. The target 
duplex DNA is composed of two linear 70-mer oligonucleotides with sequence complementary to 
each other. The sequence of the first target strand, designated "OligoA", is: 5*- 
CTCCGGCCGCTTGGGTGGAG 
10 AGGCTATTCGGCTACGACTGGGCACAACAGACAATCGGCTGCTCTGATGC-3 > (SEQ ID NO: 1 ) 
and the sequence of the second target strand, designated "OligoET, is: 3- 
GAGGCCGGCGAACCCACC 

TCTCCGATAAGCCGATGCTGACCCGTGTTGTGTGTTAGCCGACGAGACTAGG-5' (SEQ ID NO: 
2). The nucleotide which is approximately at the center of the target sequence is indicated in 
15 underlined to allow for easy identification of the complementary sequence of subsequent DNA 
oligonucleotides. The first or incoming oligonucleotide, designated "OligoC", is a 30-mer with the 
following sequence: 5'-AGGC 

TATTCGGCTACGACTGGGCACAACAG-3' (SEQ ID NO: 3) which is complementary to OligoB. 
The second or annealing oligonucleotide, designated "Oligol\ is a 25-mer with the following 
20 sequence: 

5'-TTGTGCCCAGTCGTAGCCGAATAGC-3' (SEQ ID NO: 4) which is complementary to OligoA. In 
certain experiments, we use in place of Oligol as the annealing oligonucleotide the following 15-mer 
LNA oligonucleotide, designated "OligoN": 5'-GCCCAGTCGTAGCCG-3' (SEQ ID NO: 5). 

To test the formation of Y-arms under our assay conditions, we use a different target duplex 
25 DNA composed of two linear 67-mer oligonucleotides with sequence complementary to each other. 
The sequence of the first target strand, designated "OligoT", is: 5*- 
ACAACTGTGTTCACTAGCAACCTC 

AAACAGACACCATGGTGCACCTGACTCCTGAGGAGAAGTCTGC-3' (SEQ ID NO: 6) and the 
sequence of the second target strand, designated "OligoU", is: 3'- 
30 TGTTGACACAAGTGATCGTTGGAG 
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TTTGTCTGTGGTACCACGTGGACTGAGGACTCCTCTTCAGACG-5' (SEQ ID NO: 7). We use two 
oligonucleotides complementary to the end of the OligoT/OligoU linear target duplex in these Y-arm 
experiments. The first or incoming oligonucleotide, designated "OligoX". is a 30-mer with the 
following sequence: 5'-GCAGACTTCTCCTCAGGAGTCAGGTGCACC-3' (SEQ ID NO: 8) which is 
5 complementary to the end of the OligoT strand of the target duplex. The second or annealing 
oligonucleotide, designated "Oligo5", is a 30-mer with the following sequence: 5*- 

GTTGCACCTGACTCCTGAGGAGAAGTCTGC-3' (SEQ ID NO: 9) which is complementary to 
OligoU. 

Annealing oligonucleotide and RecA are required for formation of double D-loops. We 
10 demonstrate that both the annealing oligonucleotide and a recombination protein are required by 
following the protocol as described in Example 1 but omitting certain reagents or steps. The results 
of these experiments are shown in Figure 2 (using OligoA/OligoB target and OligoC/Oligol), Figure 3 
(using OligoA/Oligo B target and OligoC/OligoN) and Figure 4 (using OligoT/OligoU target and 
OligoX/Oligo5). 

15 ln a control experiment shown in lane 1 of these Figures, omitting both oligonucleotides 

leads to no complex formation. Similarly, when we deproteinize the complex after the addition of the 
incoming oligonucleotide and omit the annealing oligonucleotide, we do not observe any stable 
complexes (lane 2). This confirms that single D-loops containing DNA oligonucleotides are unstable 
after deproteinization. 

20 Finally, as shown in lanes 3 and 4 of these figures, when we deproteinize the complex while 

adding the annealing oligonucleotide, we observe no double D-loop formation. This was observed 
regardless of whether the annealing step was carried out at 37°C (lane 3) or 4°C (lane 4). These 
results indicate that the single D-loop must remain stabilized by the recombination protein for the 
annealing oligonucleotide to be incorporated into the structure. 

15 To confirm this result, we perform a competition experiment where we add an excess of 

incoming oligonucleotide after the formation of the single D-loop and before the addition of the 
annealing oligonucleotide. As shown in lane 7 of Figures 2, 3 and 4, the addition of excess 
incoming oligonucleotide that has not been coated with RecA abolishes formation of double D-loops 
where the target sequence is in the middle of the linear duplex (Figures 2 and 3) and dramatically 
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reduces the formation of Y-arms (Figure 4). By sequestering the annealing oligonucleotide in a 
hybrid with the complementary incoming oligonucleotide, formation of a double D-loop is inhibited. 

However, if the double D-loop or Y-arm structure is formed first by adding annealing 
oligonucleotide before the addition of excess free incoming oligonucleotide there is essentially no 
5 impairment of double D-loop formation. This result comfirms that the annealing oligonucleotide is 
incorporated into the double D-loop prior to deproteinization of the complex. 

Oligonucleotides comprising LNA form double D-loops more efficiently. The results shown 
in Figure 2 (using OligoA/OligoB target and OligoC/Oligol), Figure 3 (using OligoA/Oligo B target 
and OligoC/OligoN) and Figure 4 (using OligoT/OligoU target and OligoX/Oligo5) lanes 5 and 6 

10 demonstrate that using an oligonucleotide comprising LNA results in much greater double D-loop 
formation than when oligonucleotides containing only DNA residues are used. We observe this 
result both when we perform the deproteinization step, i.e. addition of SDS, at 4°C as in the 
standard protocol described in Example 1 (lane 6) or when we perform deproteinization at 37°C 
(lane 5). In addition, comparison of the results shown in Figure 3, lanes 5 and 6 to the results 

15 shown in Figure 2, lanes 5 and 6 also clearly shows that the use of an oligonucleotide comprising 
LNA results in much greater formation of double D-loops than when oligonucleotides containing only 
DNA residues are used. 

Oligonucleotides comprising LNA can form double D-loops in a single-step reaction. If 
incoming and annealing oligonucleotides are added simultaneously to the target duplex, double D- 

20 loop formation is severely impaired or absent. We demonstrate this using DNA oligonucleotides 
(OligoC/Oligol with OligoA/OligoB target) as shown in Figure 2, lane 9 and lane 10. For these 
experiments we follow the protocol outlined in Experiment 1 , except that we coat both 
oligonucleotides with RecA and then simultaneously add them in equimolar amounts to the target 
nucleic acid. In Figure 2, lane 9 the oligonucleotides are combined and coated with RecA together 

25 before adding them to the target nucleic acid and in Figure 2, lane 10 the oligonucleotides are first 
separately coated with RecA and then added together to the target nucleic acid. As shown in Figure 
4, lane 9 and lane 10, simultaneous addition of two DNA oligonucleotides also fails to support the 
formation of Y-arms. 
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However, as shown in Figure 3, lane 9 and lane 10, simultaneous addition of two 
oligonucleotides where one of the oligonucleotides is composed of LNA residues results in 
surprisingly significant formation of double D-loops. The extent of double D-loop formation is greater 
when the oligonucleotides were separately coated with RecA before addition to the target nucleic 
acid (lane 10) than when they are mixed together before coating with RecA (lane 9). 

Example 3 

Determination of Optimal Temperature and Annealing 
Times for Formation of Double D-loops 

Determination of optimal annealing temperature. We test the formation of double D-loops 
using the OligoA/OligoB duplex as the target, OligoC as the incoming oligonucleotide and Oligol as 
the annealing oligonucleotide (target sequence and oligonucleotides as described in Example 2). 
We follow the protocol described in Example 1 , except we vary the temperature at which the 
reaction is incubated after the addition of the annealing oligonucleotide. As shown in Figure 5, we 
test incubation at 4°C, 15°C, 25°C, 37°C and 45°C. We observe increased formation of the double 
D-loop as we increase the temperature up to approximately 37°C. The extent of double D-loop 
formation at 37°C is approximately equal to the extent of double D-loop formation at 45°C. 

We also determine the optimal temperature for the formation of Y-arms using the 
OligoT/OligoU duplex as the target, OligoX as the incoming oligonucleotide and Oligo5 as the 
annealing oligonucleotide. We vary the temperature as described above for the OligoA/OligoB 
experiment. As shown in Figure 6, we test incubation at 4°C, 15°C, 25°C, 37°C, 45°C and 50°C. 
We observe almost quantitative conversion of the free duplex target to oligonucleotide-containing Y- 
arms at all temperatures. However, as seen in the OligoA/OligoB experiment, increasing 
temperature clearly result in incremental increases in Y-arm formation, with optimal Y-arm formation 
at approximately 37°C. 

It is readily apparent to one of skill in the art that this procedure can be applied to any target 
nucleic acid or set of oligonucleotides to determine the annealing temperature that leads to optimal 
formation of the corresponding double D-loop or Y-arm structure. 



020794S5A2 I > 



WO 02/079495 



PCT/US02/09691 



-39- 

Determination of optimal annealing time. We test the formation of double D-loops using the 
OligoA/OligoB duplex as the target, OligoC as the incoming oligonucleotide and Oligol as the 
annealing oligonucleotide. We follow the protocol described in Example 1 , except we vary the 
incubation time at 37°C after the addition of the annealing oligonucleotide. As shown in Figure 7, 
5 we test incubation for 1, 2, 3.5, 5, 7.5, 10, 20, 30, 45 and 60 minutes. We observe that double D- 
loop formation occurs very rapidly and that the extent of double D-loop formation increases up to an 
incubation time of approximately 10 minutes. After 10 minutes, we observe that the proportion of 
target nucleic acid in double D-loops begins to decrease, probably due to instability of the double D- 
loop, which contained only DNA oligonucleotides. 

10 We determine the optimal annealing time for the formation of Y-arms using the 

OligoT/OligoU duplex as the target, OligoX as the incoming oligonucleotide and Oligo5 as the 
annealing oligonucleotide. We vary the annealing time as described above for the OligoA/OligoB 
experiment. As shown in Figure 8, we test incubation at 37°C for 1 , 2, 3, 4, 5, 6, 8, 10, 15 and 20 
minutes. We observe almost quantitative conversion of the free duplex target to oligonucleotide- 

15 containing Y-arms at the one-minute time point and we do not observe a substantial increase in Y- 
arm formation with longer incubation times. In contrast to the OligoA/OligoB experiment, however, 
we do not see a reduction in the ratio of free duplex target to target complexed with oligonucleotides 
in the Y-arms, which is probably due to the fact that double D-loops formed at the end of a linear 
duplex target (i.e. Y-arms) are generally more stable that double D-loops formed in the middle of a 

20 linear duplex target. 

It is readily apparent to one of skill in the art that this procedure can be applied to any target 
nucleic acid or set of oligonucleotides to determine the annealing time that leads to optimal 
formation of the corresponding double D-loop; 

25 Example 4 

Determination of Optimal Oligonucleotide Lengths for 
Formation of Double D-loops or Y-arms 

Oligonucleotides used in this example. We use the OligoT/OligoU duplex as the target 
30 nucleic acid for these experiments. We use incoming DNA oligonucleotides complementary over a 
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range of lengths to the end of the duplex target as follows: OligoV is a 20-mer with the sequence 5' 
GCAGACTTCTCCTCAGGAGT-3' (SEQ ID NO: 10); OligoW is a 25-mer with the sequence 5'- 
GCAGACTTCTCCTCAGGAGTCAGGT-3' (SEQ ID NO: 11); OligoX is a 30-mer (SEQ ID NO: 8); 
OligoY is a 35-mer with the sequence 5'-GCAGACTTCTCCTCAGGAGTCAGGTGCACCATGGT-3' 
(SEQ ID NO: 12); OligoZ is a 40-mer with the sequence 5 - 

GCAGACTTCTCCTCAGGAGTCAGGTGCACCATGGTGT 

CTG-3 (SEQ ID NO: 13); and Oligol is a 46-mer with the sequence 5 - 

GC AG ACTTCTCCTC AGG AG TC 

AGGTGCACCATGGTGTCTGTTTGAG-3' (SEQ ID NO: 14). We use annealing DNA 
oligonucleotides complementary to the end of the duplex target (and to the incoming 
oligonucleotides) over a range of lengths as follows: Oligo2 is a 20-mer with the sequence 5'- 
ACTCCTGAGGAGAAGTCTGC-3' (SEQ ID NO: 15); Oligo4 is a 25-mer with the sequence 5- 
ACCTGACTCCTGAGGAGAAGTCTGC-3' (SEQ ID NO: 16); Oligo5 is a 30-mer with the sequence 
5'-GTTGCACCTGACTCCTGAGGAGAAGTCTGC-3' (SEQ ID NO: 9); Oligo6 is a 35-mer with the 
sequence 5'-ACCATGGTGCACCTGACTCCTGAGGAG 
AAGTCTGC-3' (SEQ ID NO: 1 7); Oligo? is a 40-mer with the sequence 5'- 
CAGACACCATGGTGCACCT 

GACTCCTGAGGAGAAGTCTGC-3' (SEQ ID NO: 18); and Oligo8 is a 46-mer with the sequence 
5'-ACCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAA-3' (SEQ ID NO: 19). 

Oligonucleotides of different lengths form double D-loops and Y-arms. We use the 
oligonucleotides described above to form Y-arms according to the protocol detailed in Example 1. 
As shown in Figure 9, lanes 1-6, all of these oligonucleotides, ranging in size from 20 nucleotides to 
46 nucleotides, efficiently form a Y-arm when the oligonucleotides are of equal length. This 
experiment does show, however, that longer oligonucleotides appear to form a Y-arm more 
efficiently. We show in Figure 10, lanes 1-5, that the oligonucleotides used for the formation of a Y- 
arm do not need to be of the same length and that the annealing oligonucleotide can be either 
longer (lane 1) or shorter (lanes 2-5) than the incoming oligonucleotide. 

It is readily apparent to one of skill in the art that this procedure can be applied to any target 
nucleic acid or set of oligonucleotides to determine the length of the oligonucleotides that lead to 
optimal formation of the corresponding double D-loop. 
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Example 5 

Determination of Optimal Oligonucleotide Composition 
5 for Formation of Double D-loops 

Oligonucleotides used in this example. We use the OligoA/OligoB duplex as the target 
nucleic acid for these experiments. As the incoming oligonucleotide, we use either OligoC (SEQ ID 
NO: 3) or the complementary oligonucleotide which targets the opposite strand of the duplex target, 
designated "OligoD", which has the sequence 5'-CTGTTGTGCCCAGICCTAGCCGAATAGCCT-3' 
10 (SEQ ID NO: 20). We then use the following annealing oligonucleotides: OligoE is a DNA 30-mer 
with the sequence 

5'-AGGCTATTCGGCTACGACTGGGCACAACAG-3' (SEQ ID NO: 21); OligoF is a DNA 25-mer with 
the sequence 5'-GCTATTCGGCTAGGACTGGGCACAA-3' (SEQ ID NO: 22); OligoG is a DNA 20- 
mer with the sequence 5'-ATTCGGCTACGACTGGGCAC-3' (SEQ ID NO: 23); OligoH is a DNA 30- 

1 5 mer with the sequence 5'-CTGTTGTGCCCAGTCCTAGCCGAATAGCCT-3' (SEQ ID NO: 24); Oligol 
is a DNA 25-mer with the sequence 5'-TTGTGCCCAGTCGTAGCCGAATAGC-3'(SEQ ID NO: 4); 
OligoJ is a 2'-0-methyl-RNA (Z-OMe-RNA) 25-mer with the sequence 5'- 
GCUAUUCGGCUACGACUGGGCACAA-3' (SEQ ID NO: 25); OligoK is a Z-OMe-RNA 30-mer with 
the sequence 5'-CUGUUGUGCCCAGUCCUAGCCGAAU 

20 AGCCU-3' (SEQ ID NO: 26); OligoL is a 2 - O-methyl-RNA 25-mer with the sequence 5'- 
UUGUGCCCA 

GUCGUAGCCGAAUAGC-S 1 (SEQ ID NO: 27); OligoM is a DNA 25-mer with phosphorothioate 
backbone linkages with the sequence 5'-TTGTGCCCAGTCGTAGCCGAATAGC-3' (SEQ ID NO: 
r 28); OligoN is an LNA 15-mer (SEQ ID NO: 5); OligoO is a LNA-DNA-LNA 1 5-mer with the 
25 sequence 5'-GCCCagtcgtaG 

CCG-3', where the LNA residues are indicated with capital letters and the DNA residues are in 
lowercase (SEQ ID NO: 29); OligoP is an LNA-DNA-LNA 25-mer with the sequence 5'- 
TTGtgcccagtcgtagccgaatA 

GC-3'.where the LNA residues are indicated with capital letters and the DNA residues are in 
30 lowercase (SEQ ID NO: 30); OligoQ is a PNA 18-mer with the sequence lys- 
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ACGGGTCAGGATCGGCTT-gly (SEQ ID NO: 31); OligoR is a PNA 18-mer with the sequence lys- 
ACGGGTCAGCATCGGCTT-gly (SEQ ID NO: 32); OligoS is a PNA 20-mer with the sequence Ac-E- 
GTGCCCAGTCCTAGCCGAAT-E-NH 2 (SEQ ID NO: 33). All of the oligonucleotides (or PNAs) are 
completely complementary to the target sequence except OligoH, OligoK, OligoQ and OligoS which 
5 each have a single basepair mismatch. 

We show in Figure 1 1 the formation of double D-loops using OligoA/OligoB as the target 
nucleic acid, OligoC as the incoming oligonucleotide and the oligonucleotides as the annealing 
oligonucleotide as indicated in the Figure. From these data it is apparent that oligonucleotides with 
a mismatched base can form a double D-loop (lanes 2 and 3) and that when we use 2-OMe-RNA 

1 0 oligonucleotides (lanes 3 and 5), PNA (lane 7) and LN A oligonucleotides (lanes 8- 1 0) as annealing 
oligonucleotides the formation of double D-loops is more robust that with DNA oligonucleotides. We 
also find that annealing oligonucleotides containing phosphorothioate modifications do not function 
as well as DNA for the formation of double D-loops (lane 6). Finally, this experiment confirms that 
oligonucleotides that are partially modified still enhance double D-loop formation relative to a DNA 

15 oligonucleotide (lanes 8 and 10). 

We confirm these results using the OligoA/OligoB target nucleic acid, OligoD as the 
incoming oligonucleotide, which recognizes the opposite strand of the OligoA/OligoB target nucleic 
acid relative to the previous experiment, and annealing oligonucleotides as indicated in Figure 12. 
These data confirm that an oligonucleotide with a mismatched base can form a double D-loop (lane 

20 6) and that when we use Z-OMe-RNA oligonucleotides (lane 5) and PNA (lanes 6 and 7) as 
annealing oligonucleotides the formation of double D-loops is more robust that with DNA 
oligonucleotides. Combined with the previous experiment, these data also show that the double D- 
loop can be formed when the incoming oligonucleotide recognizes either strand of the target duplex. 
It is readily apparent to one of skill in the art that this procedure can be applied to any target 

25 nucleic acid or set of oligonucleotides to determine the composition of the oligonucleotides that lead 
to optimal formation of the corresponding double D-loop and that a wide range of oligonucleotides 
functions in the methods of the invention. 
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Example 6 

Oligonucleotide:Target Capture and DNA Detection 

Oligonucleotides used in this example. We use the OligoA/OligoB duplex as the target 
5 nucleic acid for these experiments. We use a 32 P-labeled DNA oligonucleotide as the incoming 
oligonucleotide. We then use a biotin-labeled annealing oligonucleotide comprising at least one 
modified backbone that enhances hybrid stability or a modified base that enhances hybrid stability. 

The capture/detection assay. We assay the presence of two oligonucleotides (one 
biotin-labeled and the other 32 P-labeled) on the OligoA/OligoB duplex target molecule by capturing 
10 biotin-containing-oligonueleotide:target double D-loops on streptavidin-coated paramagnetic beads. 
The beads are washed in IxRecA reaction buffer (1.0 mM ATP-y-S; 25 mM Tris-acetate, pH 6.8; 1 
mM dithiothreitol; and 1 mM magnesium acetate), 10xRecA reaction buffer, and finally in IxRecA 
reaction buffer. Before DNA capture, equal aliquots of washed beads are added to individual 1 .5 ml 
microcentrifuge tubes and the final wash buffer is removed. Liquid is removed from all bead 
15 suspensions by placing microcentrifuge tubes containing the bead mixtures in a magnetic separating 
rack. 

The double D-loop containing samples from above are each added to a microcentrifuge 
tube containing an aliquot of the washed paramagnetic beads. The samples are mixed, and 
incubated at room temperature for 15 min. The mixtures are shaken several times during incubation 
20 to ensure efficient biotin:streptavidin interaction. After the capture reaction, i.e., the binding of 

streptavidin to biotin, the paramagnetic beads in each reaction are amassed with a magnet and the 
reaction buffer removed. 

Each sample of beads is washed three times with 1 xRecA reaction buffer. The presence of 
32 P-labeled probe strand is assessed by scintillation counting of the DNA captured by each bead 
25 reaction. 

The results indicate that the hybridization product, containing two complementary but 
differentially labeled oligonucleotides, can be captured using the streptavidin interaction with the 
biotin labeled probe strand and subsequently detected by a label in the complementary probe 
strand. 

30 



BNSDOCID: <WO 0207949 5A2J_> 



WO 02/079495 



PCT/US02/09691 



-44- 

Example 7 

RecA+ Facilitated DNA Amplification 
Without Target DNA Denaturation 

Reaction conditions for RecA protein facilitated DNA amplification have been described in 
United States Patent No. 5,223,414, incorporated herein by reference in its entirety. 

We use a double-stranded duplex DNA target derived from plasmid DNA and two sets of 
oligonucleotides that form double D-loops at discrete sites separated by at least 200 nucleotides for 
ease of detection. We ensure that elongation of DNA primers occurs in only the desired direction, 
by terminating the 3'-ends of the appropriate primers with 2',3 , -dideoxynucleotide, which lacks the 
3*-hydroxyl group present in the conventional dNTPs and essential for elongation therefrom. We 
add the dideoxynucleotide to the primer using the enzyme terminal deoxynucleotide transferase. 

We form double D-loops in the target nucleic acid using the two sets of oligonucleotides 
described above and the method described in Example 1 . We then use the resulting two sets of 
double D-loops as the substrate in a typical DNA amplification reaction. The DNA reaction can be 
carried out in buffer containing 10 mM Tris-HCI (pH 7.5), 8-12 mM MgCI 2 , and 50 mM NaCI 
supplemented with 200-750 uM dNTPs and DNA polymerase (e.g., exonuclease-free, DNA 
polymerase I, Klenow, or T7 DNA polymerase). The reaction may additionally be supplemented 
with other enzymes or proteins (e.g. DNA helicase, DNA ligase and SSB protein) which may 
facilitate the formation of the specific amplification product. The reaction is allowed to proceed for 
as long as necessary at 37°C. Upon termination, samples are optionally deproteinized and 
analyzed by gel electrophoresis. After electrophoretic separation, the resulting amplified DNA can 
be visualized by either ethidium bromide staining of the DNA in the gel or by DNA hybridization with 
a target specific DNA probe. Alternatively, one of the DNA oligonucleotides can be biotinylated and 
the newly synthesized DNA captured by appropriate means and then detected as previously 
described. 

DNA synthesis reactions are initiated by the addition of 1-2 unit(s) of exonuclease-free E. 
coli DNA polymerase I (U.S. Biochemicals) and 750 uM of each dNTP. The reactions are incubated 
at 37°C. 
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Following the initial addition of polymerase, the reactions can be supplemented with 1 unit 
of e.g., Klenow and/or additional dNTPs, at specific intervals spaced over the time course of the 
reaction. 

Samples are treated with proteinase K, before being loaded for electrophoretic separation, 
5 After electrophoretic separation the resulting amplified DNA fragments can be visualized by either 
ethidium bromide staining of the gel or by hybridization with a target specific probe. 

For hybridization analysis the gel can be transferred by standard protocols onto 
hybridization transfer membrane. We then detect the DNA using end-labeled probe corresponding 
to the DNA sequence of the target nucleic acid internal to the two double D-loops. We then detect 
10 hybridization signal by autoradiography or using a phosphorimager. 

Example 8 

In situ DNA Detection Utilizing the Double D-loop Reactions 

15 Preparation of oligonucleotide complex. We design oligonucleotides to form a double D- 

loop in a target nucleic acid. One of these oligonucleotides comprises LNA and one of these 
oligonucleotides comprises a detectable fluprophore. 

Preparation and transformation ofHeLa cells. We grow HeLa cells at 37°C and 5% CO2 in 
a humidified incubator to a density of 2x1 0 5 cells/ml in an 8 chamber slide (Lab-Tek). We replace 

20 the DMEM with Optimem and transfect the cells with 5 pg of RecA-coated oligonucleotides that are 
previously complexed to 10 pg lipofectamine according to manufacturer's directions (Life 
Technologies). We treat the cells with the liposome, oligonucleotide mix for 6 hours at 37°C. We 
wash the treated cells with PBS and add fresh DMEM. After a 16-18 hour recovery period we assay 
the cells for fluorescence indicative of formation of the double D-Ioop. Specific signals are detected 

25 using standard fluorescence microscopy observation techniques. 
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EXAMPLE 9 

RecA Mediated Double D-loop Hybridization Reactions 

Using a Variety of Cofactors 

5 Oligonucleotides used in this example. We use the 3 2P-labeled OligoA/OligoB duplex as the 

target nucleic acid for these experiments. We use the DNA oligonucleotide OligoC as the incoming 
oligonucleotide and OligoN as the annealing oligonucleotide. 

Double-D-loops can be formed using different cofactors for the RecA protein. We use the 
above-mentioned oligonucleotides to form double D-loops according to Example 1 except we 
1 0 substitute rATP, dATP or GTP- y-S for ATP- y-S in the RecA coating reaction . These reactions are 
performed with or without a regenerating system. The double D-loops are then deproteinized and 
detected as described previously. 

EXAMPLE 10 

15 

Double D-loop Formation Occurs Under a Range of Conditions 

We test the ability of the double D-loop formation reaction to tolerate variations in reagent 
concentrations. We form double D-loops by combining 1 .1 pi of fluorescently labeled incoming 
oligonucleotide LDF/45G (5'-Cy ,M 5-GGTGGAGAGGCTATTCGGCTAGGACTGGGCACAACAGA 

20 CAATCGG-3'; SEQ ID NO: 34), 3 pi of 5x Synaptic Buffer (125 mM Tris-acetate, 5 mM Mg(acetate)2 
and 5 mM DTT), 1 .5 pi 10 mM ATP-y-S, water and 73.5 pM RecA. We vary the concentration of 
incoming oligonucleotide in the 1.1 pi sample using 2.25 pM, 4.5 pM, 9pM or 18 pM. We vary the 
concentration of RecA relative to the concentration of the incoming oligonucleotide in the mixture, 
e.g. we add 0.5 pi RecA (73.5 pM) to the mixture when the concentration of the incoming 

25 oligonucleotide is 2.25 pM, 1 .0 pi RecA when the concentration is 4.5 pM, and so on. Prior to the 
addition of RecA, water is added to the reaction mixture so that the final volume after the addition of 
RecA is 14 pi. We incubate this reaction for 10 minutes at 37°C to allow for binding of RecA protein 
to the oligonucleotide ("presynapsis", see Figure 1 for an outline of the method). 
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We prepare a double-stranded target by PCR from a neomycin phosphotransferase gene 
with a point mutation (Kan ) using two oligonucleotide primers: 391 OU (5- 
CAGGGGATCAAGATCTGAT-3'; SEQ ID NO: 35) and 3CGT th (5 - GCTTCAGTGACAACGTCGAG- 
3'; SEQ ID NO: 36). The sequence of the resulting PCR product is shown in Figure 13 (SEQ ID NO: 
5 37). We add 3.5 pi of the PCR product at a concentration of 0.7 pM and 2.5 pi 74 mM Mg(acetate)2. 
We incubate this reaction for 10 minutes at 37°C to allow synapsis between the incoming 
oligonucleotide and the target nucleic acid molecule. We then add 0.74 pi of 27 pM annealing 
oligonucleotide KL02 which comprises LNA modified residues 

(5'-GCCCAGTCGTAGCCG-3'; SEQ ID NO: 38). We incubate this reaction for 5 minutes at 37°C to 

10 allow the annealing oligonucleotide to anneal to the target nucleic acid. We then stop the reaction 
by placing briefly on dry ice. We denature the RecA bound to the oligonucleotide:target complex by 
placing the reaction at about 4°C in an ice bath and adding 2 pi of 10% SDS and 2 pi of 10x loading 
dye (1 5-25% Ficoll, optionally supplemented with 0.05% bromophenol blue). 

We analyze the samples prepared as described above by separating on a 2.5% agarose gel 

15 at 4°C. The gel does not contain ethidium bromide. We strain the gels after running then with 1x 
SYBR® green, a dye which binds double-stranded DNA, and scan on a Typhoon™ imager. We 
monitor the gel positions of the double D-loop and the double-stranded target DNA by detecting the 
SYBR® green dye. We monitor the formation of double D-loops under these assay conditions by 
detecting the retarded migration of the fluorescently labeled incoming oligonucleotide. 

20 We observe that double D-loops are formed at all incoming oligonucleotide concentrations. 

The fraction of target molecules that are in double D-loops at the different incoming oligonucleotide 
concentrations is 33% with 2.25 pM oligonucleotide; 37% with 4.5 pM oligonucleotide; 39% with 9 
pM oligonucleotide; and 42% with 18 pM oligonucleotide. This indicates that the efficiency of double 
D-loop formation varies depending on the incoming oligonucleotide concentration. These results 

25 also indicate that double D-loop formation occurs over a wide range of oligonucleotide 

concentrations. Based on these results, unless indicated otherwise, the reaction in the following 
examples uses 1 .1 1 pi of 18 pM incoming oligonucleotide and 2^0 pi of RecA. 
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EXAMPLE 1 1 

Effect of Varying Annealing Oligonucleotide Composition and 
Target Sequence on Double D-loop Formation 

5 We test the effect of varying the length, composition and sequence of the annealing 

oligonucleotide and the sequence of the target nucleic acid molecule on double D-loop formation. 

We form double D-loops using the Kan- double-stranded PCR product as the target nucleic 
acid molecule following the protocol described in Example 10 except that we incubate the reaction 
after adding the annealing oligonucleotide for 10 minutes at 37°C. We analyze the samples 

1 0 prepared by separating on a 2.5% agarose gel at 4°C as described above. 

We test annealing oligonucleotides comprising PNA; DNA with a phosphorothioate 
backbone; 2'-0-methyl RNA; and LNA as indicated in Table 1 . As indicated in Table 1, we test 
annealing oligonucleotides of various lengths. We normalize the percentage of double D-loop 
formation relative to the percentage of double D-loop formation using KL02 as the annealing 

1 5 oligonucleotide to calculate relative efficiency. As indicated in Figure 1 4, we observe that stable 
double D-loop formation occurs using any of the test annealing oligonucleotides. In this reaction, we 
observe that double D-loop formation is most efficient when oligonucleotides comprising PNA are 
used in the reaction. As indicated by the error bars in Figure 14, the variation in the efficiency of 
double D-loop formation is very low, indicating that double D-loop formation can be used in 

20 quantitative as well as qualitative applications. 



Table 1: Annealing Oligonucleotides for Kan- Target 


Name 


Composition* 


Sequence 


SEQ ID 

NO: 


KM2 


PNA 


Ac-E-GTGCCCAGTCCTAGCCGAAT-E-NH 2 


39 


UDS15G 


DNA with 

phosphorothioate 

backbone 


S'-GCCCAGTCGTAGCCG-S' 


40 


UR15G 


2'-0-Me RNA 


S'-GCCCAGUCGUAGCCG-S 1 


41 
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KL02 


LNA 


5'-GCCCAGTCGTAGCCG-3' 


42 


KL06 


LNA 


5'-CCCAGTCGTAGCC-3' 


43 


KL015 


LNA 


5'-GTGCCCAGTCGTAGCCGAAT-3' 


44 



The underlined residues in KL015 are DNA, the remainder are LNA. 



We also form double D-loops using a PCR product produced from a plasmid containing the 
a functional hygromycin resistance gene (Hyg*) or a hygromycin resistance gene containing a point 
5 mutation (Hyg-; Figure 15; SEQ ID NO: 44) using primers AUR123f (5*- 

TCTGCACAATATTTCAAGC-3'; SEQ ID NO: 45) and Hyg1560r (5 , -AAATCAGCCATGTAGTG-3 t ; 
SEQ ID NO: 46). We follow the protocol described in this Example for the formation of double D- 
loops in the Kan- PCR product using HygUDF/45G as the incoming oligonucleotide (5'-Cy™5- 
CGCAGCTATTTACCCGCAGGACCTATCCA 
10 CGCCCTCCTACATCGA-3'; SEQ ID NO: 47) and various annealing oligonucleotides as indicated in 
Table 2. We analyze the samples prepared by separating on a 2.5% agarose gel at 4°C as 
described above. 

We test annealing oligonucleotides comprising LNA as indicated in Table 2. As indicated in 
Table 2, we also test annealing oligonucleotides of various lengths. We normalize the percentage of 

1 5 double D-loop formation relative to the percentage of double D-loop formation using Hyg1 5T as the 
annealing oligonucleotide to calculate relative efficiency. As indicated in Figure 16, we observe that 
stable double D-loop formation occurs using any of the test annealing oligonucleotides. In this 
reaction, we observe that double D-loop formation is most efficient when we use the longest of the 
test oligonucleotides. As indicated by the error bars in Figure 16, the variation in the efficiency of 

20 double D-loop formation in this reaction is also very low, 



Table 2: Annealing Oligonucleotides for Hyg- Target 


Name 


Composition* 


Sequence 


SEQ ID 

NO: 


Hyg4 


LNA 


5'-GGATAGGTCC -3' 


48 


Hyg6 


LNA 


5'-TGGATAGGTCCT-3' 


49 
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Hyg7 



Hyg15 



LNA 



LNA 



5'-GTGGATAGGTCCTGC-3' 



5'-GTGGATAGGTCCTGC-3' 



50 



51 



The underlined residues in these oligonucleotides are DNA, the remainder are LNA. 

EXAMPLE 12 
Double D-loop Formation Is Sequence-Specific 

We test the effect of heterologous nucleic acid molecules on the efficiency of double D-loop 
formation. We form double D-loops using the Kan- double-stranded DNA target as described in 
Example 10 except that we add heterologous competitor nucleic acid molecules along with the Kan- 
target and Mg(acetate) 2 . We perform the competition experiments using two competing nucleic acid 
molecules which do not have significant sequence homology with the Kan- target or either the 
incoming or annealing oligonucleotides: the Hyg- PCR product described above (Figure 15; SEQ ID 
NO: 44) and poly dl-dC (Sigma). 

We first add the Hyg- PCR fragment to the mixture in a 1:1, 5:1 and 10:1 molar ratio relative 
to the amount of the Kan- target nucleic acid molecule. We observe that the addition of the non- 
specific Hyg- PCR fragment has no noticeable effect on the efficiency of double D-loop formation. 
We then add the poly dl-dC non-specific competitor nucleic acid molecule in vast excess (10 1 -, 10 2 -, 
10 3 -, 10 4 - and 10 5 -fold excess over the amount of the Kan- target nucleic acid molecule). Even with 
such a vast excess of competitor, we observe no noticeable effect on the efficiency of double D-loop 
formation. In the presence of 10 5 -fold excess of the poly dl-dC non-specific competitor, we 
observed approximately 50% efficiency of double D-loop formation and the concentration of the Kan- 
target nucleic acid molecule was limiting for double D-loop formation. These results indicate that 
double D-loop formation is sequence specific and that a nucleic acid molecule that represents a very 
small fraction of the nucleic acid molecules in a reaction serves as the target for double D-loop 
formation. 
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EXAMPLE 13 

Double D-loop Formation In a Linearized Plasmid Target 

We test the efficiency of formation of double D-loops in a large plasmid target We form 
5 double D-loops as described in Example 10 except that we add 2.5 pi (0.5 pg) of a linearized 8.2 kb 
plasmid comprising the Kan* target gene and 7.35 pi of water. We add additional water to the 
reaction because of the higher target concentration. We then monitor the formation of double D- 
loops in the target plasmid using different annealing oligonucleotides (KM2, KL02, KL06, and 
KL015; Table 1). We analyze the samples prepared by separating on a 1% agarose gel at 4°C as 

10 described above and detect formation of the double D-loop by monitoring colocalization of the 

SYBR® green and the Cy™5 marker on the incoming oligonucleotide. We can not accurately assess 
the efficiency of double D-loop formation in these reactions because the formation of the double D- 
loop does not produce a large enough mobility shift in the target. 

We observe efficient double D-loop formation in the plasmid target with any of the four 

15 annealing oligonucleotides. In contrast to our observations with a smaller Kan* nucleic acid target 
molecule (Example 1 1 ; Figure 14), we observe that the a shorter, 15mer oligonucleotide (KL02; 
SEQ ID NO: 38) forms double D-loops at a slightly greater efficiency than a 20mer oligonucleotide 
(KL015; SEQ ID NO: 43). In addition, we observe little or no difference in the apparent efficiency of 
double D-loop formation when we use an annealing oligonucleotide comprising PNA or LNA. These 

20 results indicate that the size of the target does not significantly affect the efficiency of double D-loop 
formation. 

EXAMPLE 14 

Topoisomerase I Enhances Double D-loop Formation In a Supercoiled Plasmid Target 

25 We test the effect of adding topoisomerase I on the formation of double D-loops in a large, 

supercoiled plasmid target. We form double D-loops as described in Example 13 except that the 
plasmid comprising the Kan- target gene is supercoiled and we add various amounts of 
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topoisomerase I (0.5, 1.0 and 1.5 units 1 ) to the reaction along with the target and we increase the 
incubation during that step to 30 minutes at 37°C. We then monitor the formation of double D-loops 
in the target plasmid using different annealing oligonucleotides (KM2 and KL02; Table 1). We 
analyze the samples by separating on a 1% agarose gel at 4°C as described above and detect 
formation of the double D-loop by monitoring colocalization of the bound SYBR® green marker and 
the Cy' M 5 marker on the incoming oligonucleotide. 

We observe efficient double D-loop formation in the supercoiled plasmid target with either 
annealing oligonucleotide in both the presence and absence of topoisomerase I. We observe that 
increasing the amount of topoisomerase I increases the amount of double D-loop formation. Both 
LNA and PNA support comparable levels of double D-loop formation in supercoiled target nucleic 

« 

acid. The reactions in which the double D-loops are formed with PNA have less background than 
reactions using LNA. These results indicate that double D-loops can be formed in a supercoiled 
target following the teachings of the instant invention. Further, topoisomerase I enhances, but is not 
essential for, double D-loop formation in a supercoiled target. 

EXAMPLE 15 

Purification of Nucleic Acid Molecules Using Double D-loops 

We test whether the sequence specificity of double D-loop formation can be used for 
purification of a nucleic acid molecule of defined sequence from a complex mixture. We form double 
D-loops as described in Example 14 with the following exceptions: we use LDB/45G at a 
concentration of 18 uM and 5 units of topoisomerase I; the target nucleic acid is a 1:1 mixture of 
supercoiled pBR322 (Ap*. Tet R ) and the supercoiled Kan R plasmid used in Example 14; and the 
reaction is incubated for 1 hour at 37°C after addition of the target and topoisomerase I. LDB/45G 
has the same sequence as LDF/45G (used in Example 10), except that LDB/45G is not labeled with 
Cy' M 5 and has a biotin molecule attached at the 3* end by a TEG linker (5'- 
GGTGGAGAGGCTATTCGGCTAGGACTGGGCACAACAGACAA 

i 0ne unit of topoisomerase I relaxes completely 0.5 ng of plasmid in 30 minutes at 37°C. 
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TCGG-3'bioTEG; SEQ ID NO: 52). Neither the incoming oligonucleotide (LDF/45G) or the 
annealing oligonucleotide (KL02) has significant sequence complementarity to any sequence in 
pBR322. 

We denature the RecA by cooling the reaction to about 4°C by placing it in an ice bath and 
5 adding 2 pi 10% SDS as above. We then add KCI to a final concentration of 100 mM to precipitate 
the SDS, spin at 5000 rpm for 5 minutes in a microcentrifuge to pellet the precipitated SDS and 
transfer the supernatant to another tube. We add 2 pi of Dynabeads™ diluted in 1x Synaptic Buffer 
and incubate the reaction for 2 hours at 4°C with vertical rotation to mix the solution. We then 
separate the magnetic Dynabeads™ by placing in a magnetic tube holder for 5 minutes and remove 

10 the supernatant. We wash twice in 1x TE buffer (GibcoBRL) by suspending the pellets in 50 pi ice- 
cold TE and agitating for 5 minutes at 4°C, separating the magnetic Dynabeads™ by placing in a 
magnetic tube holder for 5 minutes at 4°C and removing the supernatant. We elute the plasmid 
DNA from the Dynabeads™ by adding 10 pi TE and heating the solution at 65°C for 15 minutes. We 
collect the eluant and mix 5 pi with 20 pi electrocompetent DH10B cells. We electroporate the 

1 5 sample in a Cell-Porator® set at 330 pF, 4 Q and 400 V. We remove the cells and place them in 1 
ml of SOC medium and allow them to recover by incubating at 37°C for 1 hour. We then dilute the 
cells into 4 ml of SOC medium and incubate on a shaker at 37°C for 2 hours. We spin the cells 
down in a table top centrifuge for 5 minutes at 3750 rpm and resuspend the cells in 750 pi LB. We 
dilute these cells 1 :10 into fresh LB and plate 100 pi of cells on LB plates supplemented with either 

20 10 pg/ml tetracycline or 20 pg/ml kanamycin. We incubate the plates at 37°C overnight and count 
the colonies after approximately 16 hours. 

We observe extremely clean purification of the target plasmid. See Table 3. We are unable 
to determine the efficiency of purification because we observe no background colonies. These 
results indicate that the double D-loops formed according to the methods of the invention can be 

25 used to purify a nucleic acid molecule of known sequence away from other nucleic acid molecules. 
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Table 3: Separation of Kan* plasmid from pBR322 using double D-loops 


Sample 


Tet R Colonies 


Kan R Colonies 


No Dynabeads™ 


>5000 


>5000 


No annealing oligonucleotide 


0 


0 


No RecA 


0 


6 


Complete reaction 


0 


163 



We also test whether the sequence specificity of double D-loop formation can be used for 
purification of a large nucleic acid molecule, for example a YAC. We inoculate a 5 ml culture of 
5 growth medium with a single colony from a YAC-containing strain of yeast and allow it to grown 
overnight until saturated. The following day we inoculate an additional 100 ml culture of growth 
medium with 1 ml of the overnight starter culture and grow this culture overnight until saturated. We 
use a hemocytometer to determine the cell count, which is generally about 1 x 10 8 cells/ml. We 
harvest the cells by centrifugation at 1300 x g for 5 minutes and wash the pellet twice with 50 mM 

10 EDTA pelleting between washes for 5 minutes at 1300 x g. We resuspend the cells in 50 mM EDTA 
to a concentration of 2 x 10 9 cells/ml and warm the cell suspension to 45°C for 5 minutes. We add 
an equal volume of 1% InCert agarose in 50 mM EDTA, also prewarmed to 45°C. Alternatively, we 
use 1 % or 2% SeaPlaque agarose. We mix the suspension by vortexing and pipet 500 pi aliquots 
into an agarose plug mold to harden. A 100 ml culture will yield about 20 plugs. We allow the plugs 

15 to set at room temperature or at 4°C which takes about 15 minutes. 

We extrude each plug into a dish and add 6 ml of freshly prepared yeast spheroplasting 
solution (40 ml 1 M sorbitol; 1 .6 ml 0.5 M EDTA, pH 8.0; 0.4 ml 1 M Tris-HCI, pH 7.5; 40 pi 2- 
mercaptoethanol; and 40 mg yeast lytic enzyme (ICN)). We incubate the piugs at 37°C for 2 to 4 
hours with gentle shaking. We aspirate off the spheroplast solution, add 6 ml of LDS solution (1% 

20 lithium dodecyl sulfate; 100 mM EDTA; and 10 mM Tris-HCI, pH 8.0) and incubate at 37°C with 
gentle shaking for 1 hour. We remove the solution and add 6 ml fresh LDS solution and incubate 
with gentle shaking at 37°C overnight. We wash the plugs three times with gentle shaking at room 
temperature for 30 minutes with 6 ml 0.2 x NDS (1x NDS is 0.5 M EDTA; 10 mM Tris base; 1% 
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Sarkosyl; pH 9.5). We then wash the plugs five times with gentle shaking at room temperature for 
30 minutes with 6 ml TE, pH 8.0, Plugs are either used directly or stored at 4°C in covered with TE, 
pH 8.0. 

We form a double D-loop in the YAC DNA in the agarose plug. We coat an incoming 
5 biotinylated oligonucleotide with RecA using a 5x amount of reactants as described in Example 10. 
We soak the plug in the solution containing the RecA-coated incoming oligonucleotide at 37°C for 
between 20 minutes and 2 hours. We then add 5x volume of annealing oligonucleotide to the plug 
and soak for an additional 10 minutes to 1 hour. We insert the plug into a pulse field electrophoresis 
gel containing low melt agarose and a strip of conjugated agarose-streptavidin. We run the pulse 
10 field gel such that the DNA migrates across the streptavidin containing band allowing the YAC DNA 
containing the biotinylated double-D loop to be captured by the band. We excise the strip, heat it to 
melt the agarose, and elute the target from the band. We then transform spheroplasted yeast cells 
with the eluant by lithium acetate transformation. 

15 EXAMPLE 16 

Double D-loop Hybridization Reactions Can Discriminate 
Single Basepair Differences in Target Sequences 

We test whether the sequence specificity of double D-loop formation can be used to 

•hi ■ 

20 discriminate single basepair differences in a target sequence. We form the double D-loop as 
described in Example 10 except that we use a 50:50 mixture of two incoming oligonucleotides. 
For example, we use 0.55 pi of an 18 pM solution of LDF/31G (5 , -Cy™5-GAGGCTATT 

CGGCTAGGACTGGGCACAACAG-3 , ; SEQ ID NO: 53) and 0.55 pi of an 18 pM solution of 
LDF/31C 

25 (5'-Cy m 3- GAGGCTATTCGGCTACGACTGGGCACAACAG -3'; SEQ ID NO: 54). The incoming 
oligonucleotide LDF/31G is complementary to the sequence of the mutant Kan R gene with the 
nucleotide corresponding to the point mutation centrally positioned and the incoming oligonucleotide 
LDF/31C is fully complementary to the sequence of a functional Kan R gene. The RecA-coated 
mixture of incoming oligonucleotides is added separately to either the Kan- or the Kan* PCR 
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product. We add KM2 (SEQ ID NO: 39) as the annealing oligonucleotide. The KM2 oligonucleotide 
is perfectly complementary to the Kan- target sequence. We also perform this experiment with an 
individual annealing oligonucleotide specific for the Kan* target sequence and with a mixture of the 
two oligonucleotides. We perform these experiments with annealing oligonucleotides comprising a 
variety of combinations of modfied backbones or bases, including, for example, LNA, PNA, 2'-0- 
methyl RNA and 2-aminoadenine or cytosine/uracil substituted at the 5 position with a methyl, 
propynyl or bromo group. 

We test the stability of the double D-loops formed as described above by denaturing the 
RecA bound to the oligonucleotide:target complex by adding SDS and, optionally KCI, and heating 
the samples to various temperature, e.g. 37°C, for varying periods of time. We then analyze the 
samples by separating by agarose gel electrophoresis. We monitor the stability of the double D- 
loops under these assay conditions by detecting the fluorescent labels on the Cy"^- and Cy ,M 5- 

labeled oligonucleotides. The migration of these labeled oligonucleotides is retarded when they are 
part of a double D-loop complex. 

We observe that double D-loop complexes in which the labeled incoming oligonucleotide is 
mismatched to the template are significantly less stable after denaturing the RecA than complexes 
in which the oligonucleotide is perfectly complementary to the template. This difference is readily 
detectable and after only 2.5 minutes at 37°C a double D-loop made with a mismatched annealing 
oligonucleotide is almost completely undetectable. Accordingly, it is possible to determine which 
target sequence is in a sample based on which fluorescently labeled incoming oligonucleotide is 
present in the complex. This result indicates that stable double D-loops may be used to detect a 
single-nucleotide polymorphism in a target sequence or a mixture of target sequences. 

EXAMPLE 17 

Double D-loop Hybridization Reactions Can Discriminate 
Single Basepair Differences in a Genomic Target Sequence 
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We test the effect of varying the annealing oligo sequence to double D-loop formation 
efficiency in genomic DNA. We form double D-loops as in Example 16 using a 50:50 mixture of 
HYG(NT)D5Cy5/31C(rep) (S'-Cy^S-ATnACCCGCAGGACCTATCCACGCCCTCCT-y; SEQ ID 
NO: 55) which is perfectly matched to a hygromycin resistance gene with a point mutation (Hyg) 
5 and HYG/(NT)D5Cy3/31G(cnv) (5 , -Cy™3-ATTTACCCGCAGGACGTATCCACGCCCTCCT-3'; SEQ 
ID NO: 56) which is perfectly matched to a copy of the hygromycin resistance gene which contains a 
point mutation but which remains functional (Hyg + ). We add this to a genomic prep from two yeast 
strains, one from Mata-intHyg- which contains an integrated Hyg- gene. We compare this to a 
genomic prep of Mata-intHyg* strain which contains an integrated Hyg + gene. We use the following 
1 0 annealing oligonucleotides which are composed of LNA residues except for the underlined bases 
which are DNA: HygLNA15T 

(S'-GTGG ATAGGTCCTGC-3' ; SEQ ID NO: 57) which is perfectly matched to Hyg-, 
Hyg15LNAT(cnv)C (5'-GTGGATACGTCCTGC-3 v ; SEQ ID NO: 58) which is perfectly matched to 
Hyg + , and Hyg15LNAT(wt)T (5'-GTGGATATGTCCTGC-3'; SEQ ID NO: 59) which is perfectly 

15 matched to the wild-type, functional hygromycin resistance gene sequence (Hyg(wt)). We add SDS 
to remove the RecA at 37°C for 30 seconds, and run on a 0.7% agarose gel at 4°C. 

We observe efficient double D-loop formation in a genomic DNA target, indicating that target 
size and complexity do not limit the reaction. See Figure 17. We also observe a readily detectable 
effect of the LNA sequence on formation efficiency. The presence of a mismatch on the annealing 

20 strand significantly destabilizes the molecule, as in Example 16. Accordingly, it is possible to 
discern the sequence of the target from a genomic DNA prep with high accuracy. 

We also analyze metaphase chromosome spreads obtained from mammalian cells, 
including human cells. For example, we combine 0.5 to 0.8 ml whole blood with 0.2 ml 
phytohemaglutinin (PHA; M-form lyophilized from GibcoBRL or Sigma dissolved according to the 

25 manufacturer's instructions) and mix gently. The cells are added to a flask with 10 ml of complete 
cell culture media and we incubate them at 37°C for 72 hours. We add 0.1 ml Actinomycin-D (5 
mg/10 ml water) and incubate for 20 minutes. We then add 0.1 ml of colcemid (10 pg/ml; 
GibcoBRL) and incubate for 10 more minutes. We centrifuge the cells at 1000 rpm for 8 minutes, 
aspirate the supernatant and break up the cell pellet using a polyethylene pipet. We lyse the cells 
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by adding prewarmed 37°C hypotonic solution (75 mM KCI) drop by drop, mixing gently after each 
addition wth the pipet, until the final volume reaches a*bout 2 ml. We then add a larger amount of 
hypotonic solution to bring the total volume to 10 ml and incubate at 37°C for 15 minutes. We then 
at 10 drops of fixative solution (3 parts absolute methanol: 1 part glacial acetic acid) and mix with the 
pipet. We then centrifuge the cells at 1000 rpm for 8 minutes, aspirate the supernatant and break 
up the cell pellet using a polyethylene pipet. We add fixative solution drop by drop, mixing gently 
after each addition wth the pipet, until the final volume reaches about 2 ml. We then add a larger 
amount of fixative solution to bring the total volume to 10 ml. We then use these cells directly or 
store them in a refrigerator overnight. 

We make slides with the cells as follows. We pellet the cells 20 minutes after the first 
addition of fixative solution by centrifuging at 1000 rpm for 8 minutes. We remove the supernatant 
using an aspirator, break up the cell pellet with the pipet, and resuspend in 10 ml of fixative solution 
by mixing gently. We repeat the pelleting and resuspending steps two more times. After the final 
resuspension, we leave 0.5 ml to 3.0 ml of fixative solution above the cell pellet, mix and drop four to 
six drops of cell suspension onto a clean wet slide. We then allow the slide to either air dry or place 
it on a hot plate at 55°C-60°C to dry. 

We test the ability of the double D-loop formed according to the methods of the invention to 
discriminate single basepair differences in a genomic target sequence. W incubate the slides with 
two RecA-coated incoming oligonucleotides, each specific for a target sequence corresponding to 
the two interrogated alleles and each separately labeled, for example with Cy tM -3 and Cy™5. We 
then add two annealing oligonucleotides complementary to the incoming oligonucleotides. We 
determine the sequence of the target by destabilizing the mismatched double D-loop by denaturing 
RecA and detecting the label on the oligonucleotide in the resulting double D-loop. 

Alternatively, for detection of a target sequence in the genome, the slides are incubated 
sequentially with incoming and annealing oligonucleotides complementary to a desired genomic 
target. One of these oligonucleotides is labeled with a detectable moiety which is monitored to 
detect the formation of a stable double D-loop. 
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EXAMPLE 18 

Assessment of Gene Amplification by Detecting Double D-loop Formation 

5 We test the ability of double D-loop formation to detect multiple copies of a gene in a 

genome. We use two strains of yeast containing one or multiple copies of the Hyg(rep) gene. We 
extract the genomic DNA and form double D-loops using the same conditions as described in 
Example 17, using HygUDF45G as the incoming oligo, and HygLNAtST as the annealing oligo. We 
run the reaction on a 1% agarose gel and quantify the amount of double D-loop formed using 
10 Molecular Dynamics ImageQuant™ and a Typhoon™ imager. 

We observe that the intensity of double D-loop band increases in proportion to copy number 
of the inserted gene. This indicates that detection of double D-loop formation can be used to 
quantify amplification of a target duplex nucleic acid molecule, including a target gene such a ERB2 
andc-Myc. 

15 

EXAMPLE 19 

Sequence Specific Cleavage of Nucleic Acid Molecules Using Double D-loops 

We test whether the sequence specificity of double D-loop formation can be used to direct 
20 cleavage of a target nucleic acid molecule at a desired location. We form double D-loop targets by 
sequential hybridization. We combine oligonucleotides in two separate tubes as follows. In one 
tube we combine 7 pi of a 4 pM solution of 32 P-labeled 70mer oligonucleotide (OligoA; SEQ ID NO: 
1 ); 1 .9 pi of a 1 3 pM solution of a 25mer oligonucleotide (LD25G; 5'- 

GCTATTCGGCTAGGACTGGGCACAA-3'; SEQ ID NO: 60); and 0.75 pi 10x hybridization buffer 
25 (100 mM Tris-HCI pH 7.5). In a second tube we combine 1 .92 pi of a 12.5 pM solution of another 
70mer oligonucleotide (OligoB; SEQ ID NO: 2); 1 .46 pi of a 16.4 pM solution of another 25mer 
oligonucleotide (UD25C; 5'-TTGTGCCCAGTCCTAGCCGAATAGC-3'; SEQ ID NO: 61); 0.76 pi 10x 
hybridization buffer; and 3.46 pi water. These oligonucleotides are complementary to each other as 
follows: OligoA and OligoB are complementary; LD25G and UD25C are complementary; LD25G is 
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complementary to OligoA such that LD25G hybridizes approximately in the center of OligoA; and 
UD25C is complementary to OligoB such that UD25C hybridizes approximately in the center of 
OligoB. We heat each of the separate tubes to 95°C for 2 minutes and then cool to 60°C for 20 
minutes. This allows for OligoA/LD25G and OligoB/UD25C duplexes to form in the separate tubes. 
We then mix the tubes and incubate for 5 minutes at 37°C. This allows the overhanging ends on 
OligoA and OligoB to hybridize forming a double D-loop structure. We then cool the samples to 4°C 

and separate the samples on a non-denaturing 12% polyacrylamide gel run at4°C for 2.5 hours at 8 

W. 

We detect the location of the double D-loops in the polyacrylamide gel by autoradiography 
and excise the band corresponding to the double D-loop. We incubate the polyacrylamide gel slice 
containing the double D-loops at 4°C overnight in 1 ml of 2 mM Mg(acetate)2 to elute the double D- 
loops from the gel slice. We transfer 250 pi of the solution containing the double D-loops into four 
different microfuge tubes and add 750 pi cold ethahol and 1 pg of poly dl-dC as a DNA carrier. We 
incubate this sample at 4°C overnight and pellet the precipitate double D-loops by centrifugation at 
in a microcentrifuge at 4°C for 30 minutes at 13,500 rpm. We aspirate the supernatant and wash 
the pellet by adding 200 pi 70% ethanol, centrifuging at 4°C for 15 minutes at 13,500 rpm and 
aspirating the supernatant. We dissolve the double D-loops in 100 pi of 1x TBM (90 mM Tris-borate; 
1 mM MgCI 2 ). We either use the double D-loops immediately or store at -20°C. 

We combine 2 pi of 32 P-labeled double D-loops in a reaction mix with 1 pi reaction buffer 
(300 mM BisTris-HCI pH 7.0; 500 mM KCI; 25 mM MnCI 2 ; 500 pg/ml BSA and 10 mM DTT), 0.5 pi 
MRE11 protein purified from Saccaromyces cerevisiae, 20 mM ATP and 4.5 pi water. Optionally, 
we include 0.5 pi RAD50 purified from Saccaromyces cerevisiae. If RAD50 is added, we add 4 pi 
water. We incubate this mixture for 30 minutes at 37°C to allow MRE1 1-mediated cleavage of the 
target. We separate the reaction by either a non-denaturing 12% polyacrylamide gel electrophoresis 
or by denaturing (7M urea) 20% polyacrylamide gele electrophoresis. 

We observe approximately 60% cleavage of the target nucleic acid molecule, i.e. 
approximately 40% of the 32 P-labeled 70mer oligonucleotide. The cleavage that we observe is 
highly specific, with about 80% of cleavage occuring at the ends of the double D-loop. The 
localization of the cleavage site to the junction of the double D-loop at the 5' end of the incoming 
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and annealing oligonucleotides indicates that it is possible to select a specific cleavage site by 
selecting specific incoming and annealing oligonucleotides. Accordingly, it is possible using this 
method to site-specifically cleave at any given base in a nucleic acid target with a defined sequence. 

5 EXAMPLE 20 

Double D-loop Formation in Membrane-Bound Nucleic Acid Targets 

We test the efficiency of double D-loop formation on a target crosslinked to a membrane. 
We crosslink via a Stratalink various concentrations of linear Hyg- plasmid onto a Hybond-N+ 

10 (Amersham) membrane. We block the membrane by incubating at room temperature for 30 minutes 
with various concentrations of Denhardt's solution (100x: 2% BSA, 2% Ficoll, 2% PVP 
(polyvinylpyrrodilone)). We separately form the RecA filament using the same conditions as 
Example 10, with HygUDF45G with 5x the amount of reactants. We dilute the reaction to a final 
volume of 1 mL in 1x Synaptic buffer. Subsequently, we add the membrane to the reaction and 

1 5 incubate for 20 minutes at 37°C. We then add the 37 pL of 27 pM HYGLNA1 5T, and incubate 10 
minutes at 37°C. We subsequently wash the membrane in various concentrations of SSC (20x: 3M 
NaCI, .3M Na 3 Citrate) at elevated temperatures (37-65°C), and visualize on the Molecular dynamics 
Typhoon™ Imager. 

We observe efficient formation of double D-loop in a target crosslinked to a membrane. 

20 This results demonstrates that the methods of the invention can be used to form double D-loops in 
DNA crosslinked to a solid support such as a membrane, glass slide, or 96 well plate, with no 
serious detrimental effects. We can, thus, form a double-D loop sequence specifically, and visualize 
its structure without running a gel. Visualization of the formation of a stable double D-loop with a 
perfectly matched oligonucleotide as compared to the absence of a stable double D-loop structure 

25 with a mismatched oligonucleotide allows easy visualization of single nucleotide polymorphisms 
(SNPs). 

All publications and patent applications cited in this specification are herein incorporated by 
reference as if each individual publication or patent application were specifically and individually 
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indicated to be incorporated by reference. Although the foregoing invention has been described in 
some detail by way of illustration and example for purposes of clarity of understanding, it will be 
readily apparent to those of ordinary skill in the art in light of the teachings of this invention that 
certain changes and modifications may be made thereto without departing from the spirit or scope of 
5 the appended claims. 
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WHAT IS CLAIMED IS: 

1 . A method of producing a stabilized double D loop at a target sequence 
within a double-stranded nucleic acid, the method comprising: 

contacting said double-stranded nucleic acid with an oligonucleotide having a first 
strand and a second strand, said first oligonucleotide strand and said second oligonucleotide strand 
having at least a region of complementarity therebetween, 

wherein said first oligonucleotide strand has a region that is substantially 
complementary in sequence to a first strand of said target and is bound by a recombinase, and said 
second oligonucleotide strand has a region that is substantially complementary in sequence to a 
second strand of said target and is not substantially bound by said recombinase. 

2. A method of producing a stabilized double D loop at a target sequence 
within a double-stranded nucleic acid, the method comprising: 

contacting said double-stranded nucleic acid with a first oligonucleotide strand, said 
first oligonucleotide strand substantially complementary in sequence to a first strand of said target 
and bound by a recombinase; and then 

contacting said double-stranded nucleic acid with a second oligonucleotide strand, 
said second oligonucleotide having at least a region of complementarity to said first oligonucleotide, 
said second oligonucleotide being substantially complementary in sequence to a second strand of 
said target and not substantially bound by said recombinase. 

3. The method of either claim 1 or claim 2, wherein said double-stranded 
nucleic acid is selected from the group consisting of: linear nucleic acids, relaxed closed circular 
DNA, supercoiled circular DNA, artificial chromosomes, BACs, YACs, nuclear chromosomal DNA, 
and organelle chromosomal DNA. 

4. The method of claim 3, wherein said double-stranded nucleic acid is 
nuclear chromosomal DNA. 
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5. The method of either claim 1 or claim 2, wherein said double-stranded 
nucleic acid is contacted in vitro. 

6. The method of either claim 1 or claim 2, wherein said double-stranded 
nucleic acid is contacted in situ. 

7. The method of either claim 1 or claim 2, wherein said recombinase is E. 
coli RecA protein or mutein thereof. 

8. The method of either claim 1 or claim 2, wherein said second 
oligonucleotide strand comprises at least one modification selected from the group consisting of: 
locked nucleic acid (LNA) monomer, 2'-OMe monomer, peptide nucleic acid, and phosphorothioate 
linkage. 

9. The method of claim 8, wherein said second oligonucleotide strand 
consists essentially of PNA. 

10. The method of claim 8, wherein said second oligonucleotide strand 
comprises at least one LNA monomer. 

11. The method of claim 8, wherein said second oligonucleotide strand 
comprises at least one 2-OMe monomer. 

1 2. The method of claim 1 or claim 2, comprising the further step of 
deproteinizing said double-stranded nucleic acid. 

13. A double-stranded nucleic acid having a stabilized double D loop formed by 
the method of claim 1 or claim 2. 

14. The double-stranded nucleic acid of claim 1 3, wherein said second 
oligonucleotide strand in said double D loop comprises a modification selected from the group 
consisting of locked nucleic acid (LNA) monomer, Z-OMe monomer, peptide nucleic acid, and 
phosphorothioate linkage. 
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15. The double-stranded nucleic acid of claim 14, wherein said second 
oligonucleotide strand comprises at least one LNA. 

16. The double-stranded nucleic acid of claim 14, wherein said second 
oligonucleotide strand comprises PNA. 

17. The double-stranded nucleic acid of claim 13, wherein said double- 
stranded nucleic acid is chromosomal DNA. 

1 8. The double-stranded nucleic acid of claim 1 7, wherein said chromosomal 
DNA is within an artificial chromosome. 

19. The double-stranded nucleic acid of claim 1 3, wherein said double- 
stranded nucleic acid is present within a cell. 

20. The double-stranded nucleic acid of claim 19, wherein said double- 
stranded nucleic acid is present within a cell nucleus. 

21 . A method of detecting the presence of a desired target sequence within a 
double-stranded nucleic acid, the method comprising: 

* ... 

contacting a sample of double-stranded nucleic acids with an oligonucleotide 
having a first strand and a second strand, 

wherein said first oligonucleotide strand is substantially complementary in 
sequence to a first strand of said desired target and is bound by a recombinase, said 
second oligonucleotide strand is substantially complementary in sequence to a second 
strand of said desired target and is not substantially bound by said recombinase, and said 
first oligonucleotide strand and said second oligonucleotide strand have at least a region of 
complementarity therebetween, 

and then 

detecting stabilized double D loops having said oligonucleotides. 
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22. A method of detecting the presence of a desired target sequence within a 
double-stranded nucleic acid, the method comprising: 

contacting a sample of double-stranded nucleic acids seriatim with a first 
oligonucleotide strand and then a second oligonucleotide strand, 

wherein said first oligonucleotide strand is substantially complementary in 
sequence to a first strand of said desired target and is bound by a recombinase, said 
second oligonucleotide strand is substantially complementary in sequence to a second 
strand of said desired target and is not substantially bound by said recombinase, and said 
first oligonucleotide strand and said second oligonucleotide strand have at least a region of 
complementarity therebetween, 

and then 

detecting stabilized double D Joops having said oligonucleotides. 

23. The method of either claim 21 or claim 22, wherein at least one of said 
oligonucleotide strands is detectably labeled. 

24. The method of claim 23, wherein said detectable label is radioactive. 

25. The method of claim 23, wherein said detectable label is fluorescent. 

26. The method of either claim 21 or claim 22, wherein said double-stranded 
nucleic acid is selected from the group consisting of: linear nucleic acids, relaxed closed circular 
DNA, supercoiled circular DNA, artificial chromosomes, BACs, YACs, nuclear chromosomal DNA, 
and organelle chromosomal DNA. 

27. The method of claim 26, wherein said double-stranded nucleic acid is 
nuclear chromosomal DNA. 

28. The method of either claim 21 or claim 22, wherein said double-stranded 
nucleic acid is contacted in vitro. 
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29. The method of claim 28, wherein said contacted double-stranded nucleic 
acid is affixed to a solid support. 

30. The method of either claim 21 or claim 22, wherein said double-stranded 
nucleic acid is contacted in situ. 

31 . The method of either claim 21 or claim 22, further comprising the step, after 
said contacting and before detecting, of: 

deproteinizing said nucleic acid sample. 

32. The method of claim 31 , further comprising the step, after said 
deproteinizing and before said detecting, of: 

separating double-D loop-containing nucleic acids from double-stranded nucleic 
acids lacking double-D loops. 

33. The method of claim 32, wherein said separating step is performed by 

electrophoresis. 

34. The method of claim 32, wherein at least one of said oligonucleotides 
comprises a capture moiety and said separating step is performed by specific binding to said 
capture moiety. 

35. The method of claim 34, wherein said capture moiety is selected from the 
group consisting of: biotin, digoxigenin, and fluorescein. 

36. The method of claim 23, wherein each of said oligonucleotides is 
detectably labeled, and the emission spectra of said labels are distinguishable from one another. 

37. A method of detecting, in a sample of double-stranded nucleic acids 
suspected of having sequences that differ at a target therein, the presence of a desired target 
sequence, the method comprising: 
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forming double-D loops at said target using a first oligonucleotide strand and a 
second oligonucleotide strand, 

wherein said first oligonucleotide strand is bound by a recombinase, said 
second strand is not substantially bound by said recombinase, and said first and second 
strands have at least a region of complementarity therebetween, 

wherein both of said first and said second oligonucleotide strands have 
regions that are perfectly complementary to respective first and second strands of said 
desired target sequence, but at least one of said oligonucleotides is imperfectly matched in 
said region to each of said target sequences that differ from said desired sequence; 

deproteinizing said nucleic acids; 

and then 

detecting stable D loops. 

38. The method of claim 37, wherein said double-stranded nucleic acid is 
contacted concurrently by said first and second oligonucleotides. 

39. The method of claim 37, wherein said target sequences differ from one 
another by a single nucleotide. 

40. A method of detecting , in a sample of double-stranded nucleic acids 
suspected of having sequences that differ at a target therein, the presence of at least two different 
target sequences, the method comprising: 

forming double-D loops at said target using (i) a mixture of first oligonucleotide 
strand species and (ii) at least a first species of second oligonucleotide strand, 

wherein said mixture includes at least two species of first oligonucleotide 
strands, each of said species having a region that is perfectly complementary to a distinct 
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one of said differing target sequences, and each of said first oligonucleotide strands in said 
mixture is bound by a recombinase; 

wherein each of said at least one second oligonucleotide strand species is 
not substantially bound by said recombinase; and 

wherein each of said first strands and said second strand have at least a 
region of complementarity therebetween, 

deproteinizing said nucleic acids; 

and then 

discriminably detecting the species of first oligonucleotide strands present among 

stable D loops. 

41 . The method of claim 40, wherein each of said first oligonucleotide species 
is discriminably labeled. 

42. The method of claim 41 , wherein each said first strand species is labeled 
with a different fluorophore, said fluorophores having distinguishable emission spectra. 

43. The method of claim 42, wherein a first said first strand species is labeled 
with Cy3 and a second said first strand species is labeled with Cy5. 

44. The method of claim 40, wherein said double-stranded nucleic acids are 
selected from the group consisting of: linear nucleic acids, relaxed closed circular DNA, supercoiled 

■ 

circular DNA, artificial chromosomes, BACs, YACs, nuclear chromosomal DNA, and organelle 
chromosomal DNA. 

45. The method of claim 44, wherein said double-stranded nucleic acid is 
nuclear chromosomal DNA. 
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46. The method of claim 40, wherein said double-stranded nucleic acid is 
contacted in vitro. 

47. The method of claim 46, wherein said contacted double-stranded nucleic 
acid is affixed to a solid support. 

48. The method of claim 40, wherein said double-stranded nucleic acid is 
contacted in situ. 

49. The method of claim 40, wherein said second oligonucleotide strand 
comprises at least one modification selected from the group consisting of: locked nucleic acid (LNA) 
monomer, 2'-OMe monomer, peptide nucleic acid, and phosphorothioate linkage. 

50. The method of claim 49, wherein said second oligonucleotide strand 
consists essentially of PN A. 

51 . The method of claim 49, wherein said second oligonucleotide strand 
comprises at least one LNA monomer. 

52. The method of claim 49, wherein said second oligonucleotide strand 
comprises at least one 2 , -OMe monomer. 

53. The method of claim 40, further comprising the step, after said 
deproteinizing and before said discriminably detecting, of: 

separating double-D loop-containing nucleic acids from double-stranded nucleic 
acids lacking double-D loops. 

54. The method of claim 53, wherein said separating step is performed by 

electrophoresis. 

55. The method of claim 53, wherein said oligonucleotide first strands, or said 
oligonucleotide second strands, or both said first and second strands comprises a capture moiety 
and said separating step is performed by specific binding to said capture moiety. 
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56. The method of claim 55, wherein said capture moiety is selected from the 
group consisting of: biotin f digoxigenin, and fluorescein. 

57. The method of claim 40, wherein said forming of double D loops is effected 
by concurrent contact of said double-stranded nucleic acids by said first and second oligonucleotide 
strands. 

58. The method of claim 40, wherein said forming of double D loops is effected 
by contacting said double-stranded nucleic acids seriatim with said first oligonucleotide strands and 
then said second oligonucleotide strands. 

59. A method of purifying, from a mixture of double-stranded nucleic acids 
having sequences that differ at a target therein, double-stranded nucleic acids having a desired 
target sequence, the method comprising: 

forming double-D loops at said target using a first oligonucleotide strand and a 
second oligonucleotide strand, 

wherein said first oligonucleotide strand is bound by a recombinase, said 
second strand is not substantially bound by said recombinase, and said first and second 
strands have at least a region of complementarity therebetween, 

wherein both of said first and said second oligonucleotide strands are 
perfectly complementary to respective first and second strands of said desired target 
sequence, but at least one of said oligonucleotides is imperfectly matched at each of said 
target sequences that differ from said desired target sequence; 

and then 

purifying double-stranded nucleic acids having stable D loops. 

60. The method of claim 59, wherein said double-stranded nucleic acids are 
deproteinized before purifying. 
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61 . The method of claim 59, wherein said double-stranded nucleic acids are 
selected from the group consisting of; linear nucleic acids, relaxed closed circular DNA, supercoiled 
circular DNA, artificial chromosomes, BACs, YACs, nuclear chromosomal DNA, and organelle 
chromosomal DNA. 

62. The method of claim 61 , wherein said double-stranded nucleic acid is 

plasmid DNA. 

63. The method of claim 59, wherein said double-stranded nucleic acid is 
contacted in vitro. 

64. The method of claim 59, wherein said double-stranded nucleic acid is 
contacted in situ. 

65. The method of claim 59, wherein said second oligonucleotide strand 
comprises at least one modification selected from the group consisting of: locked nucleic acid (LNA) 
monomer, 2-OMe monomer, peptide nucleic acid, and phosphorothioate linkage. 

66. The method of claim 65, wherein said second oligonucleotide strand 
consists essentially of PN A. 

67. The method of claim 65, wherein said second oligonucleotide strand 
comprises at least one LNA monomer. 

68. The method of claim 65, wherein said second oligonucleotide strand 
comprises at least one 2 -OMe monomer. 

69. The method of claim 59, wherein said purifying step is performed by 

electrophoresis. 

70. The method of claim 59, wherein said oligonucleotide first strands, said 
oligonucleotide second strands, or both said first and second strands comprises a capture moiety 
and said purifying step is performed by specific binding to said capture moiety. 
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71 . The method of claim 70, wherein said capture moiety is selected from the 
group consisting of: biotin, digoxigenin, and fluorescein. 

72. The method of claim 59, wherein said forming of double D loops is effected 
by contacting said double-stranded nucleic acids concurrently with said first and second 
oligonucleotide strands. 

73. The method of claim 59, wherein said forming of double D loops is effected 
by contacting said double-stranded nucleic acids seriatim with said first oligonucleotide strands and 
then said second oligonucleotide strands. 

74. The method of any one of claims 59 - 73, wherein said recombinase is E. 
coli RecA protein or a mutein thereof. 

75. A method of protecting a restriction site target within double-stranded 
nucleic acids from cleavage during a restriction digest, comprising: 

forming double-D loops at said target using a first oligonucleotide strand and a 
second oligonucleotide strand, 

wherein said first oligonucleotide strand has at least a region that is 
substantially complementary in sequence to a first strand of said target and is bound by a 
recombinase; 

wherein said second oligonucleotide strand has at least a region that is 
substantially complementary in sequence to a second strand of said target and is not 
substantially bound by said recombinase; 

wherein said first oligonucleotide strand:first target strand duplex and said 
second second oligonucleotide strand:second target strand duplex are resistant to cleavage 
at said target; 

and then 
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digesting said double-stranded nucleic acids with a restriction enzyme that 
recognizes said target sequence. 

76. The method of claim 75, wherein said forming of double D loops is effected 
by contacting said double-stranded nucleic acids concurrently with said first and second 
oligonucleotide strands. 

77. The method of claim 75, wherein said forming of double D loops is effected 
by contacting said double-stranded nucleic acids seriatim with said first oligonucleotide strands and 
then said second oligonucleotide strands. 

78. The method of any of claims 75 - 77, wherein either or both of said 
oligonucleotide strands are methylated and said restriction enzyme target site is unmethylated. 

79. The method of any of claims 75 - 77, wherein each of said oligonucleotide 
strands contains a mismatch to its respective target sequence strand. 

80. The method of any of claims 75 - 77, wherein said double-stranded nucleic 
acids are selected from the group consisting of: linear nucleic acids, relaxed closed circular DNA, 
supercoiled circular DNA, artificial chromosomes, BACs, YACs, nuclear chromosomal DNA, and 
organelle chromosomal DNA. 

81 . The method of claim 80, wherein said double-stranded nucleic acid is 

plasmid DNA. 

82. The method of any of claims 75 - 77, wherein said double-stranded nucleic 
acid is contacted in vitro. 

t 

83. The method of claim 75, wherein said second oligonucleotide strand 
comprises at least one modification selected from the group consisting of: locked nucleic acid (LNA) 
monomer, 2'-OMe monomer, peptide nucleic acid, and phosphorothioate linkage. 
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84. The method of claim 83, wherein said second oligonucleotide strand 
consists essentially of PNA. 

85. The method of claim 83, wherein said second oligonucleotide strand 
comprises at least one LN A monomer. 

86. The method of claim 83, wherein said second oligonucleotide strand 
comprises at least one 2'-OMe monomer. 

87. The method of any one of claims 75 - 77, wherein said recombinase is E. 
coli RecA protein or mutein thereof. 

88. The method of any one of claims 75 - 77, further comprising the step, after 
said forming of D-loops and before digestion, of: 

deproteinizing said nucleic acids. 

89. The method of claim 88, further comprising the step, after deproteinizing 
and before digestion, of: 

purifying double-D loop-containing double-stranded nucleic acids. 

90. A method of cleaving at or near a target sequence within a double-stranded 
nucleic acid, the method comprising: 

forming a double-D loop at said target using a first oligonucleotide strand and a 
second oligonucleotide strand, 

wherein said first oligonucleotide strand has at least a region that is 
substantially complementary in sequence to a first strand of said target and is bound by a 
recombinase; 
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wherein said second oligonucleotide strand has at least a region that is 
substantially complementary in sequence to a second strand of said target and is not 
substantially bound by said recombinase; 

and then 

reacting said double-stranded nucleic acid with an enzyme that cleaves the double- 
stranded nucleic acid. 

91 . The method of claim 90, wherein said first oligonucleotide strand -first target 
strand duplex and/or said second oligonucleotide strand:second target strand duplex of said D loop 
form a type lis, type lls-like, or type IIB restriction enzyme site in said double-stranded nucleic acid. 

92. The method of claim 90, where the enzyme is a resolvase. 

93. The method of claim 92, where the resolvase is MRE1 1 . 

94. A method of amplifying a nucleic acid target sequence within a double- 
stranded nucleic acid, the method comprising: 

forming first and second double-D loops at respective first and second termini of the 
target sequence using, for each of said D-loops, a respective first oligonucleotide strand and 
respective second oligonucleotide strand, 

wherein each said first oligonucleotide strand has at least a region that is 
substantially complementary in sequence to a first strand of its respective target terminus 
and is bound by a recombinase; 

wherein each said second oligonucleotide strand has at least a region that 
is substantially complementary in sequence to a second strand of its respective target 
terminus and is not substantially bound by said recombinase; 

extending said first and second primers using a DNA polymerase at a temperature 
below the melting temperature of said double-stranded nucleic acid. 
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95. The method of claim 94, wherein said forming of double D. loops is effected 
by contacting said double-stranded nucleic acids concurrently with said first and second 
oligonucleotide strands. 

96. The method of claim 94, wherein said forming of double D loops is effected 
by contacting said double-stranded nucleic acids seriatim with said first oligonucleotide strands and 
then said second oligonucleotide strands. 

97. The method of any of claims 94 - 96, wherein said double-stranded nucleic 
acids are selected from the group consisting of: linear nucleic acids, relaxed closed circular DNA, 
supercoiled circular DNA, artificial chromosomes, BACs, YACs, nuclear chromosomal DNA, and 
organelle chromosomal DNA. 

98. The method of claim 97, wherein said double-stranded nucleic acid is 

plasmid DNA. 

99. The method of claim 94, wherein each said second oligonucleotide strand 
comprises at least one modification selected from the group consisting of: locked nucleic acid (LNA) 
monomer, 2-OMe monomer, peptide nucleic acid, and phosphorothioate linkage. 

1 00. The method of claim 99, wherein said modified second oligonucleotide 
strand consists essentially of PNA. 

101 . The method of claim 99, wherein said modified second oligonucleotide 
strand comprises at least one LNA monomer. 

1 02. The method of claim 99, wherein said modified second oligonucleotide 
strand comprises at least one 2-OMe monomer. 

103. The method of claim 94, wherein said recombinase is E. coli RecA protein 
or a mutein thereof. 



BNSDOCID: <WO 02079495A2J_> 



WO 02/079495 



PCT/US02/09691 



-78- 

104. The method of claim 94, wherein said DNA polymerase is 
nonthermostable. 

105. The method of claim 104, wherein said DNA polymerase is E. coli DNA pol 

I. 

1 06. A kit for forming stabilized double-D loops at a target sequence in double- 
stranded nucleic acids, comprising: 

a first composition comprising a first oligonucleotide strand, said first 
oligonucleotide strand being bound by a recombinase and having a region that is substantially 
complementary in sequence to a first strand of said target; 

a second composition comprising a second oligonucleotide strand, said second 
oligonucleotide strand being not substantially bound by said recombinase and having a region that is 
substantially complementary in sequence to a second strand of said target; 

wherein said first oligonucleotide strand and said second oligonucleotide 
strand have at least a region of complementarity therebetween; 

and 

instructions for performing the method of either of claims 1 or 2. 

107. The kit of claim 106, wherein said first and said second compositions are 
combined in a single common composition. 

108. The kit of claim 106, wherein at least one of said oligonucleotides is 
detectably labeled. 

109. The kit of claim 108, wherein said detectable label is a fluorescent label. 

110. The kit of claim 1 06 or claim 1 08, wherein at least one of said 
oligonucleotides is conjugated to a capture moiety. 
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111. The kit of claim 1 10, wherein said capture moiety is selected from the 
group consisting of biotin, digoxigenin, and fluorescein. 

112. The kit of claim 106, wherein said second oligonucleotide comprises at 
least one modification selected from the group consisting of: locked nucleic acid (LNA) monomer, 2 - 
OMe monomer, peptide nucleic acid, and phosphorothioate linkage. 

1 1 3. The kit of claim 112, wherein said modified second oligonucleotide strand 
consists essentially of PNA. 

114. The kit of claim 1 12, wherein said modified second oligonucleotide strand 
comprises at least one LNA monomer. 

115. The kit of claim 1 12, wherein said modified second oligonucleotide strand 
comprises at least one 2*-OMe monomer. 

116. A kit for detecting, in a sample of double-stranded nucleic acids suspected 
of having sequences that differ at a target therein, the presence of at least two different target 
sequences, comprising: 

a composition comprising (i) a mixture of first oligonucleotide strand species and (ii) 
at least a first species of second oligonucleotide strand, 

wherein said mixture includes at least two species of first oligonucleotide 
strands, each of said species having a region that is perfectly complementary to a distinct 
one of said differing target sequences, and each of said first oligonucleotide strands in said 
mixture is bound by a recombinase; 

wherein each of said at least one second oligonucleotide strand species is 
not substantially bound by said recombinase; and 

wherein each of said first strands and said second strand have at least a 
region of complementarity therebetween. 
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117. The kit of claim 1 16, further comprising: 
instructions suitable for performing the method of claim 40. 
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Oligonucleotide Sequence of the Kan" Target 

1 CAGGGGATCA AGATCTGATC AAGAGACAGG ATGAGGATCG TTTCGCATGA 

51 TTGAACAAGA TGGATTGCAC GCAGGTTCTC CGGCCGCTTG GGTGGAGAGG 

101 CTATTCGGCT ATGACTGGGC ACAACAGACA ATCGGCTGCT CTGATGCCGC 

151 CGTGTTCCGG CTGTCAGCGC AGGGGCGCCC GGTTCTTTTT GTCAAGACCG 

2 01 ACCTGTCCGG TGCCCTGAAT GAACTGCAGG ACGAGGCAGC GCGGCTATCG 

2 51 TGGCTGGCCA CGACGGGCGT TCCTTGCGCA GCTGTGCTCG ACGTTGTCAC 

301 TGAAGC 

FIGURE 13 
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Oligonucleotide Sequence of the Hyg" Target 



1 


cgctgagata 


ggtgcctcac 


tgattaagca 


ttggtaactg 


tcagaccaag 


51 


tttactcata 


tatactttag 


at tgatttaa 


aacttcattt 


ttaatttaaa 


101 


aggatctagg 


tgaagatcct 


ttttgataat 


ctcatgacca 


aaatccctta 


151 


acgtgagttt 


tcgttccact 


gagcgtcaga 


ccccgtagaa 


aagatcaaag 


201 


gatcttcttg 


agatcct ttt 


tttctgcgcg 


taatctgctg 


cttgcaaaca 


251 


aaaaaaccac 


cgctaccagc 


ggtggtttgt 


ttgccggatc 


aagagctacc 


301 


aactcttttt 
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cagagcgcag 


ataccaaata 
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tagttaggcc 
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ctgttaccag 


tggctgctgc 


451 
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